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CHAPTER-1 
INTRODUCTION 
Meat and meal products are highly desired food and make important 
nutritional contribution to the diet of human being. Meat and its products 
derived from beef, lamb, pork and poultry constitute a major staple food on 
nutritional basis in the diets of the large majority of the people in many parts 
of the world. It is a rich source of good quality protein (containing a good 
balance of essential amino acids with high biological value, fat, vitamins and 
minerals). Meat and meat products are rich in vitamin B and minerals like 
iron, phosphorus, magnesium and zinc. The composition of meat from various 
sources is given in Table 1.1. 
[ndia has huge potential in livestock population and it becomes a 
significant source of meat production. In 2002 India produced 4.9 million 
tonnes of meat, while the world meat production is 246.2 million tonnes. India 
has only 2% of world share in meat production while the animal population 
share of India is 13% of the total world population. India has 59% of world 
buffalo population and it is major producer of buffalo meat. India has 50% of 
world buffalo meat share (FAO, 2002). Fig: 1.1 Shows the world buffalo's 
population. 
The meat industry is the collective of diverse businesses that together 
supply much of the food energy consumed by the world population. Even 
though food processing is among the largest industries, India ranks fifth in 
terms of production, consumption, export and expected growth. Food 
processing industry is widely recognized as a 'sunrise industry' having huge 
potential for uplifting agricultural economy, creation of large scale processed 
food manufacturing and food chain facilities, and the resultant generation of 
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employment and export earnings. India has enormous growth potential from 
its current status of being the world's second largest food producer to be the 
world's number one producer. 
Table 1.1: Percent nutrient composition of foods of animal origin 
Food 	 Carbohydrate Protein Fat Ash Water 
Meat. Beetl medium fat 17.5 22 0.9 60 
Veal medium fat 18.8 14 1.0 66 
Pork medium fat 1 1.9 45.0 0.6 42.0 
Lamb medium fat 15.7 27.7 0.8 56.0 
Horse medium fat 1.0 	 20.0 4.0 I.0 74.0 
Poultry chicken 20.2 12.6 I.0 66.0 
Duck 16.2 30.0 1.0 52.8 
Turke\ 20.0 20.2 1.0 58.3 
(Source-Pearson & Gillett. 1997) 
Meat processing industry also is of enormous significance for India's 
development because of the vital linkages and synergies that it promotes. Meat 
processing covers a spectrum of products from sub-sector comprising animal 
husbandry and poultry farms, and bulk frozen meat, packaged meat, ready-to-
eat processed meat products. Essentially, the meat industry involves the 
commercial movement of food from farm to fork. While India has an 
abundant supply of' meat, the meat processing industry is still nascent Figure 
1.2 shows the production of meat in India. 
Though the Indian meat production has been growing at a compound 
annual growth rate (CAGR) of 5% during the last one decade, there is a 
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considerable concern to a certain extent about production, which remains 
static or flow at the present growth rate of 2% annually. Meat exports are 
likely to increase at an annual growth rate of about 10%. While in the previous 
year 2005-06, the exports touched a spectacular 48%. The export of buffalo 
meat has been growing at a CAGR of about 8%. The country produces an 
estimated 1.5 million tones of buffalo meat annually. Of this, about 24% is 
exported (Comes, 2007). Meat is primarily exported to the Philippines, 
Malaysia, West Asian countries like the UAE, Saudi Arabia, Qatar and Oman 
etc African and CIS countries, Table 1.2 shows the food balance- meat 
between 2003-2005. 
Tablel.2: The food balance- meat 2003-2005. 
QUANTITY RATIO TO FOOD SUPPLY 
(1000 tonnes 
Country Stock 	 I Stock 
Production 	 changes 	Food changes T( pcns1mp.o;ts 
I a 1 	 & other 	supply Production 	Exports 	Imports 	& other 
(-) nseslq uses 
World 253.947 
3,869 
30.580 
1.632 
28,577 
89 
1,990 249.955 1.02 
168 
0.12 
071 
0.11 001 
001 Auslralla 27 2299 0.04 
Brazil 19,735 4,945 	' 57 -3 14851 133 	0.33 000 	000 
China 68474 1 440 1900, 44 68.890 0.99 0.02 0.03 	0.00 
Denmark 2,131 1,649 235 130 587 364 2.61 040 	022 
France 6.069 1,571 1,228 67 5.656 1.07 0.26 
007 
0.22 	0.01 
India 5.947 388 0 1 5559 107 000 	000 
Japan 3.026 5 2.831 223 5.626 	0.64 0.00 	0.50 	0.04 
Federation 4,951 38 	2,496 6 1403 	067 001 036 000 
4 2.083 0.91 001 01D 000 A
Aouta
frica 1897 25 	214 
United Arab 104 29 	245 11 309 0.34 	0.10 079 003 Emirates 
UK 3.334 501 	2,293 	51 5,064 0.66 0.10 0.45 0.01 
USA 39.343 4.255 2,294 	126 37.256 1.06 0.11 0.06 one 
(Source- FAO, 2009) 
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Fig. 1.1: World buffalo's population 
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Fig. 1.2: India meat production 
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Tables 1.3 & 1.4 shows the increase in number of animals: cattle & 
buffaloes and sheep & goats in many countries including India and the total 
world population of these animals and the increase of meat production in these 
countries respectively. 
Table 1.3 Number of animals: cattle & buffaloes and sheep & goats 
CATTLE AND BUFFALOES 	 SHEEP AND GOATS 
(1000 head) 	 (1000 head) 
COUNTRIES 
1994- 	1999- 	 1994- 	1999- 2005 	2006 	2007 	 2005 	2006 	2007 
199 6 	2001 1996 	2001 
World 	1 480.364 	1.480 111  	1 524 705 	1537 729 	1534.432 	1 753,506 	1.793.924 	1,909.989 	1.916.141 	1.917.273 
Australia 	25,955 27.296 27,782 28,393 	J 	28.037 	125.080 115.228 101,586 91,546 86,229 
Brazil 	160.673 207.043 	200.884 	27.028 23.777 171.392 208.330 25.895 26.421 25.690 
China 120.002 125,143 112.500 110.048 104.789 245.350 276.163 304,155 298.106 283890 
Denmark 	2.096 1,887 1.570 1.535 1.566 153 147 173 170 157 
France 	1 	20.428 20.346 19.310 19.418 19.359 11,897 10.967 10.321 10,136 9.753 
India 	290.120 285 853 279.712 277.508 275.294 172.560 182,983 187.760 188.739 189.725 
Sudan 	30.249 37,081 40.468 40.994 41.404 71.759 84,595 92.323 93,146 93,931 
United 
11,950 11,052 10.770 10,579 10 304 43.160 41,290 35.345 34,820 34.041 
Kingdom 
United 
States of 	102.436 98.197 95,438 96.702 97,003 	11.000 9.387 8.850 9.067 9.099 
America 
Pakistan 	35 430 	44 685 50.518 56.894 58,838 	69 286 71.533 81.588 80.277 82.038 
(source- FAO, 2009) 
Table 1.4 Production of bovine meat and sheep & goat meat 
PRODUCTION OF CATTLE MEAT 	 PRODUCTION OF SHEEP AND GOAT MEAT 
(1000 tonnes) 	 (1000 tonnes) 
COUNTRIES - 	 -- -    
1994- 1999- 	2005 2006 	2007 	1994- 	1999- 2005 2006 2007 1996 2001 1996 	2001 
World 	54.068 56.304 	59.493 58,758 	59,852 10,344 	11,248 12,584 12,812 13.132 
Australia 1,791 2,039 2.162 2,077 2,226 624 684 615 643 701 
Brazil 5,678 6,605 8,592 6,887 7,049 117 101 105 106 120 
China 3,055 4,745 	I 5.357 5,499 5.849 1.682 2,643 3.504 3.642 3,830 
Denmark 183 155 	136 129 130 2 2 2 2 2 
France 1,682 1,568 	I 	1,517 1.473 1,532 	150 140 107 107 102 
India 1,365 1.439 	1,334 1,289 1.282 	' 	663 620 762 774 777 
Japan 586 510 499 497 	504 0 0 0 0 0 
Russian 2,868 1.878 1,794 1,705 1,690 269 139 152 153 163 Federation 
 554 805 South Africa 542 705 804 145 147 152 154 155 
United Arab 9 15 10 10 10 45 40 29 30 30 Emirates 
United  
886 676 762 847 882 387 347 	331 330 325 Kingdom 
United States 	11,509 12.134 11 243 11.910 	12,044 130 107 	85 105 105 of America 
(source- FAO, 2009) 
5 
Meat and meat products, being highly perishable, their storage and 
marketing demands considerable amount of energy input, in the form of 
refrigeration and freezing, which is costly and scantly in India and other 
developing countries. Development of simple technologies for the 
manufacture of shelf stable ready-to-eat meat products would not only save 
energy, bring better returns and provide consumer convenience but would also 
be a valuable contribution to the growth of meat industry. 
Sausage is a food that is prepared from comminuted and seasoned meat 
and is usually formed in to symmetrical shape. The word sausage is derived 
from Latin .sulsirs, which means salted or literally meat preserved by salting. 
First salamis were pounded with mortar until a meat paste was obtained, and 
then stuffed into casings and dried. Low quality salami sausage was a basic 
staple of Roman soldiers as it had a high nutritional value and kept for long 
time (Marianski & Marianski, 2008). 
Fermented sausages are stable meat products and normally prepared 
from a comminuted mixture of meat, tat, salt and spices which allowed to 
ferment under controlled temperature and humidity conditions (Ahmad & 
Srivastava, 2007). The typical flavour, texture and shape of many sausages 
known today such as frankfurters, braunschweiger, pork sausage and salami 
were named due to geographical location of their origin. Dry and semidry 
sausages represent the largest category of fermented meat products with many 
of the present day processing practices having their origin in the 
Mediterranean region. 
Sausages may be classified in any number of ways, for instance by the 
type of meat and other ingredients they contain, or by their consistency. The 
most popular classification is probably according to the processing method. 
Table 1.5 shows examples of different types of sausages. 
However, during recent years the tendency to avoid use of chemical 
additives in food production and preservation has increased and the present 
trend is towards an ecological approach. Thus, a more natural biological 
acidification would be the method of choice for production of meat products. 
Formulation of healthier meat products based on processing strategies is one 
of the most important current approaches to the development of potential 
meat-based functional foods. Numerous non-meat ingredients have been used 
to reformulate meat products so as to promote the presence of healthy com-
pounds (Anandh et al., 2003; Arihara, 2006; Fernandez-Gines et al., 2005; 
Jimenez-Colmenero et al., 200 1; Jimenez-Colmenero et al, 2006; Muguerza et 
al, 2004). 
Fermentation is an ancient way to preserve food. Highly perishable raw 
materials, such as milk and meat, undergo relevant changes in the physic-
chemical characteristics and at the end of the fermentation, foodstuff are more 
stable and safer from a microbiological point of view and possess a longer 
shelf-life. The microorganisms that are most often responsible for these 
transformations are lactic acid bacteria (LAB), coagulase negative cocci 
(CNC) and yeasts (Hutkins. 2006). 
Together with cheeses, fermented sausages are the most popular 
products obtained from microbial activity. Ripening of fermented sausages is 
a complex process characterized by deep changes on the principal meat 
components, resulting in the production of specific taste and aroma. The 
production of lactic acid results in a drop of the p11, contributing to the 
formation of the texture and in the acid taste. During seasoning, the 
degradation of proteins produces different nitrogen compounds, such as 
peptides and free amino acids, which are determinants for the definition of the 
organoleptic profile of the fermented sausages. Moreover, CNC and yeasts 
produce lipases. As a consequence of their activity, free fatty acids are 
released, creating precursors for aromatic compounds, as well ("I'oldra et al., 
2007). 
Table 1.5: Examples of different types of sausages 
Product Type Moisture Treatment 
May be cooked 
Denomination 
Fresh sausages Moist Mettwurst 
Fresh sausages Moist May be cooked Bockwurst 
Fresh sausages Moist May be smoked Country-style 
Fresh sausages Moist No treatment 	 Hog sausage 
Fermented Fresh l'huringer 
Fermented/smoked 	Lebanon Bologna 
Raw fermented 	Moist 
sausages 
Raw fermented 	Moist 
sausages 
Raw fermented 	Moist 
sausages 
Fermented 	 Merguez-type 
Semi dry sausages 	Semidried Fermented, smoked 	Summer sausage 
Semi dry sausages 	Semidried Fermented, smoked Thuringer 
Semi dry sausages Semidried Fermented/short drying 	Saucisson 
d'Alsace 
Semi dry sausages 	Semidried Fermented/short drying 	Laap Ch'eung 
Fermented/short drying 	Xun Chang 
Fermented/short drying 	I Longaniza 
Semi dry sausages 	Semidried 
Semi dry sausages 	I Semidried 
Dry sausages 	Dried Fermented, long 	 Salami 
drying/ripening  
Fermented, long 	 Salchichon/ 
drying/ripening saucisson 
Fermented, long 	 Chorizo 
drying/ripening  
Dry sausages 	Dried 
Dry sausages 	Dried 
Dry sausages 	Dried Fermented, long 	Pepperoni 
drying/ripening  
Dry sausages 	Dried Fermented, long 
drying/ripening  
Fjellmorr gilde 
Dry sausages 	Dried Fermented, long 	 Turkish-style 
drying/ripening saudiouk 
Cooking 	 Bologna Cooked sausages Moist 
Cooked sausages Moist Cooking Hot dogs 
Cooked sausages Moist Cooking Frankfurters 
Cooked sausages Moist Cooking Wieners 
Cooked sausages 	Moist Cooking Knockvvurst 
Pate Cooked sausages Moist Cooking 
Cooked sausages Moist Cooking Bratwurst 
E: 
Meat fermentation as a means of preservation and use of microbial 
cultures as a natural preservative appear more promising for India and other 
developing countries having not climatic conditions and inadequate 
refrigeration facilities. Increases in popularity of shelf stable, ready-to-eat 
fermented meat products in developing countries, where refrigeration is 
widely available, substantiates the contribution made by the lactic-acid 
bacteria to improve quality, shelf life and safety of these products. World-
wide there is a growing interest in the use of starter cultures in fermented meat 
products, viz. fermented (dry and semi-dry) sausages which have become a 
commercial reality in many developed countries. Certainly such trends 
towards natural system of preservation will become increasingly popular. 
Fermented meat products were probably originated in the Mediterranean 
region. Romans added salt, sugar and spices into ground meat to get a 
palatable product with a longer shelf life after suitable holding period. 
Fermented meat products are defined as meats that are deliberately inoculated 
during processing to ensure sufficient controlled microbial activity to alter the 
product characteristics. If fresh meat is not preserved or cured in some 
manner, it spoils rapidly owing to the growth of indigenous gram-negative 
bacteria and subsequent putrefaction resulting from their metabolic activities. 
Although some manufacturers still depend upon naturally occurring micro 
flora to ferment meat. Most use starter cultures consisting of a single species 
or multiple species combinations of lactic acid bacteria and/or micrococci that 
have been selected for metabolic activities especially suited for fermentation 
in meat ecosystems. 
In the manufacture of fermented meat products, two basic processes i.e. 
fermentation and ripening takes place both simultaneously and in succession. 
The nature of fermentation and the product development depends primarily on 
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the type of microorganism. During fermentation, two microbial reactions 
occur simultaneously i.e., decrease in pH value as a result of glycolysis by 
lactic acid bacteria and the production of nitric oxide by nitrate and nitric 
reducing bacteria (Mlicrococcaceae). Decrease in pH helps in the preservation 
of product and inhibits the growth of pathogenic microorganisms. The 
reduction of nitric acid to nitric oxide results in the formation of nitro so 
myoglobulin, which is responsible for the much desired, cured colour of the 
meat products. 
Microorganisms used as starter cultures must have good stability under 
the processing conditions. This means that they must resist acid pH and 
tolerate the presence of salt and low water activity. These microorganisms 
must also be able to grow at fermentation temperatures (i.e., 18-25° C in 
Europe or 35-40° C in the United States). They must also have a good enzyme 
profile for the generation of the desired products (lactic acid for pH drop, 
volatile compounds for aroma, nitrate reduction, secretion of bacteriocins, and 
so on) and a lack of undesirable enzymes like decarboxylases that generate 
amines. Thus, the selection of strains is extremely delicate. The most 
important microorganisms used as starters belong to the lactic acid group of 
bacteria. Micrococacceae. yeasts, and molds (Leistner, 1992). More 
specifically, the most important are Lactobaci//us sake, L. curvutius, L. 
curnostrs, L. plajntaaruni, P. pentosc,ceus. Lnctococcus lacctis. Koctnriu vuricnis. 
Staphylococcus vlosits, the yeast Debn,rvomyces hansenii, and the molds 
Penlclllum nalglovense, and P. cbrvsogemum (Toldra 2004, 2006). The main 
enzymes and their effects for each group of microorganisms are shown in 
Table 1.6. The use of bacterial starter cultures with protective effects, also 
known as protective cultures, has the main advantages of safety enhancement 
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and prevention of potential food-bonne microbial hazard (Hugas et al., 2002; 
Talon & Leroy, 2006). 
Table 1.6: Mann enzyme activities of microorganisms and their effects in fermented 
meats. 
Miccvu 	nisms F.n~nne Activity _ 	Effects 
Lactic acidgeneration_____  
Protein breakdown Lactic acid bacteria 
Glucoh drolase 
Endo protease 
Exoprotease Generation of free amino acids 
Micrococacceae 
Nitrate reductase Nitrate reduction to nitrite 
Lipase 	 Generation of free Fatty acids 
Exo rotease Generation oFfree amino acids 
Catalase 
Degradation of hydrogen 
peroxide 
Yeasts 
Lipase Generation of free fatty acids 
Transformation ofaminoacids Transannnase 
Deacninase./deamidase Lactic acid consumption and generation of ammonia 
Molds 
Lipase Generation of free fatty acids, ready for oxidation 
Eso rotease Generation of free amino acids 
Transaminase Transformation ofaminoacids 
Deaminase. deamidase Generation of ammonia 
Sausages are packed in natural and artificial casing, which provide size 
and shape. Casing serves as processing mold, as containers during handling 
and shipping and merchandising it for display. The sausage are packed or 
stuffed in natural or artificial casing. The natural casing is preserved in salt 
solution. The artificial are of different types i.e. cellulosic. non-edible collagen 
and plastic and arc to be peeled before consumption. Casing must be 
sufficiently strong to contain the meat mass but have shrink and stretch 
characteristics that allow contraction and expansion of the meat mass during 
processing and storage. Casing must withstand the forces produced during 
stuffing, linking, and closure (Ahmad, 2005). 
Buffalo meat can be utilized for development of the sausage. The 
fermented sausages are shelf stable product and they can be very well 
preserved under refrigerated condition. The fermented sausages of buffalo 
it 
meat can be exported to compete the consumption of sausages from other 
meat sources. There is paucity of information about the development of 
fermented sausage from buffalo meant which is the cheapest muscle food in 
India. 
Keeping in view buffalo meat as a potential meat source for 
development of fermented (semi dry) sausage; the study was conducted with 
the following objectives of investigation: 
I- Development of semi dry fermented sausages of buffalo meat using 
different combination of LAB cultures and two levels of fat. 
2- To evaluate the physicochemical and microbiological characteristics of 
developed semi dry fermented sausages. 
3- To evaluate sensor and textural characteristics (organoleptic and 
instrumental) of the developed product. 
4- To study the effect of the refrigerated storage (2° C) on physic-chemical, 
microbiological, sensory and textural characteristics and shelf life of the semi 
dry fermented sausages packed in combination film. 
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CHAPTER-2 
LITERATURE REVIEW 
The history of fermented foods is lost in antiquity. It may have been a 
mere accident when people first experienced the taste of fermented food. The 
first fermentation must have started with the storage of surplus milk, which 
resulted in a fermented product the next day. After drying, fermentation is the 
oldest food preservation method. fermentation became popular with the dawn 
of civilization because it not only preserved food but also gave it a variety of 
tastes, forms, and other sensory sensations. Slowly, people have realized the 
nutritional and therapeutic value of fermented foods and drinks, and this has 
made fermented foods even more popular (Farnworth. 2008). 
It seems that the art of fermentation originated in the Indian 
subcontinent, in the settlements that predate the great Indus Valley 
civilization. During the I larappan spread or pre-Vedic times, there are 
indications of a highly developed system of agriculture and animal husbandry. 
Artifacts from Egypt and the Middle East also suggest that fermentation was 
known from ancient times in that region of' the world. It is believed that the 
knowledge written in the four Vedas (sacred Hindu writings) came from the 
experiences, wisdom, and foresightedness of sages, which had been preserved 
by verbal tradition. As there is no written proof, controversies exist among 
historians in predicting the probable date of the Vedas. Based on astronomy, 
Lokmanya Tilak estimated it as the period between 6000 to 4000 V.P. (V.P. 
stands for the Hindu calendar of Vikram); using other methods of calculations, 
it is approximately 250O V.P (FAO'\\`I-IO, 2001 ). Fermentation has many 
different and distinct meanings for differing groups of individuals. In the 
present context we intend it to mean the use of submerged liquid culture of 
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selected strains of microorganisms, plant or animal cells, for the manufacture 
of some useful product or products, or to gain insights into the physiology of 
these cell types (McNeil & Harvey. 2008). 
As a process, fermentation consists of the transformation of simple raw 
materials into a range of value-added products by utilizing the phenomena of 
the growth of microorganisms and their activities on various substrates (Joshi 
& Pandey, 1999). 1 his means that knowledge of microorganisms is essential 
to understand the process of fermentation. Such knowledge has only existed 
since 1680, when Antony \,'an I.eeuwenhoek first demonstrated the use of a 
microscope and described the existence of microorganisms. Louis Pasteur, in 
the middle of 19 x`' century. contributed significantly to the understanding of 
the phenomenon of fermentation, he established the role of microbes in 
fermentation and also proved that there are many different kinds of 
fermentations. Since the time of' Pasteur, there have been manifold increases 
in the knowledge of the microbiology, biochemistry, technology, and food 
engineering aspects of food fermentations. At present, we have a number of 
fermented foods and drinks including fermented milks, fermented cereals, 
fruits, vegetables, fish, meat, and many other mixed products, which emerged 
in very early times. 
The Sushrut Samhita, an old Indian treatise written in about the third or 
fourth century A.D. based on the knowledge prevailing many hundreds of 
years ago, describes seven types of meat preparations. One of' them is sour 
meat prepared using ghee (clarified butter), curd, rice gruel soured by 
fermentation, acid fruits, and pungent and aromatic ingredients. There are also 
indications of fermented meat products in the ancient Roman literature. These 
products originated in the Mediterranean region. where Romans added salt, 
sugar, and spices to ground meat and ripened it for periods of time to get a 
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palatable product ith a long shelf life. Ripening probably found favor due to 
the moderate temperature and frequent raintall in these regions (Pederson, 
1971, F-'arnworth, 2008). 
2.1. Nutritional Role of Meat in the Human Diet 
Meat has traditionally been considered an essential component of the 
human diet to ensure QIptii1hl growth and development. \Vith a limited range 
of foods available in societies throughout history, meat was important as a 
concentrated source of a wide range of nutrients. Anthropological research 
shows that the length of the gut in primates and humans became shorter with 
the introduction of animal-derived food. Smaller quantities of food of high 
digestibility required relatively smaller guts. characterized by simple stomachs 
and proportionally longer small intestines, emphasizing absorption (Aiello & 
Wheeler, 1 995 ). It is perhaps due to the tart that meat has been eaten as much 
for enjoyment as for its nutritional qualities that consumption of meat and 
meat products have increased with the affluence of the consumer. This 
conclusion is consistent with the meat consumption data in selected countries. 
As shown in Table 2.1 it is predicted that these values wilt not change 
substantially within the next decade. 'l'he meat consumption and production 
figures published by the I.1'nited States Department of Agriculture and the 
European Union do not distinguish between fresh meat and processed or 
fermented meat products. Therefore, only estimates can be provided 
concerning the size of production of fermented meat products. Approximately 
5°%% of' the total meat production (carcass weight) is further processed by 
fermentation. I he major producers of' fermented meat products in the 
European Union are German,. Italy, Spain, and France (Fisher & Palmer, 
1 995 ). In these countries. 20° o to 40 	of processed meat products can be 
classified as fermented meat products. 
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Table 2.1: Meat consumption in 2006 and predicted values for 2015 (kg per 
nerson ner near) 
Country 
United States 
2006 2015 
100.63 103.36 
Canada 77.13 81.74 
Australia 85.64 85.00 
European Union 69.06 72.11 
Japan 34.12 36.64 
China 46.24 55.33 
India 4.29 4.94 
African countries* 	 10.57 10.82 
Republic of South Africa not included. 
Source OECD (hi):f%stats.oecd.org).  
The fat content of meat as consumed is around 2% to 5%, even though 
total fat content varies with species, feeding regimes, and age. "I'he principal 
fatty acids in meat are saturated fatty acids, including palmitic acid (C 16:0) 
and stearic acid (C18:0). Around 40% oCthe fat in meat is monounsaturated, 
of which oleic acid (C18:1) is one of the main contributors (Enser et al., 
1996). Protein of high biological value and micronutrients such as iron, zinc, 
vitamin B. niacin equivalents, and vitamin B ? significantly contribute to the 
nutritional value of meat (Mann, 2000). 
Hambraeus (1999) reported that the requirement for iron is one of the 
most difficult nutritional requirements for humans to be met, because iron 
deficiency is caused not only by a low intake but is also the result of low 
bioavailability. Increased iron requirements may result from physiological 
variables or clinical problems. Red meat contains 50% to 60% of its iron in 
the heme form (from hemoglobin and myoglobin), which is absorbed in 
humans by a more efficient mechanism than nonheme iron, the source of iron 
in plant foods. An important role of meat and meat products in everyday food 
culture and consumer health may he questioned by the fact that the 
populations of vegetarians living in rich countries are characterized by lower 
rates of cancer and cardiovascular disease (Willett, 1999). The analysis of 
dietary patterns. as a possible approach to examining diet--disease relations, 
identified two major eating patterns defined by factor analysis using dietary 
data collected from food frequency questionnaires (I-Iu et al., 1999). The first 
factor, the "prudent dietary pattern." %\ as characterized by a high intake of 
vegetables, fruits, legumes. whole grains, and fish or other seafood, whereas 
the second factor, the "Western pattern," showed a high intake of processed 
pleat. red meat, butter high-fat dairy products, eggs, and refined grains. 
Meat is extremely susceptible to microbial spoilage. Virtually all 
ecological factors characterizing pleat as a substrate are optimal for the growth 
of bacteria, which are the most efficient agents in demineralization of organic 
platter. For example. in meat. water actin ity and p11 are 0.96 to 0.97 and 5.6 to 
5.8, respectively, and nutrients and growth factors are abundantly available. 
Any storavue of this nutritionally rich food and preservation of the nutrients 
contained therein requires the suppression of' microbial growth or the 
elimination of microorganisms and prevention of recontamination. 'l'he 
traditional methods employed for prevention of microbial spoilage are still in 
use, though with a different meaning in the various products. These methods 
comprise reduction of' water activity (drying, salting) and pI I (fermentation, 
acidification). smoking, storage at refrigeration or freezing temperatures, and 
use of curing aids (nitrite and nitrate). Comp only, these methods act together 
in different combinations, building tip hurdles against microbial growth. With 
reard to fermented sausages. these hurdles are low water activity (0.85 to 
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0.95) and pH (5.6 to 4.5). the use of nitrite (nitrate) and smoke. In addition, 
during fermentation and ripening, ecological factors, such as reduced redox 
potential and low temperatures ( I 0 C to 1-" C', at least for dry sausages), 
together with antagonistic compounds produced by the fermenting flora exert 
a selective effect against the growth of undesirable microorganisms (Hammes 
et al., 2008). The understanding of these ecological factors and their control is 
not only a prerequisite in quality assurance, but also provides a basis for 
understanding to what extent these food matrices might he used to serve as 
probiotic foods. 
The origin of fermented sausages can be traced back with accuracy to 
1730. when salami was first mentioned in Italy (Leistner, 1986). The art to 
produce fermented sausages spread from Italy to other European countries, 
and was established in Germany in 1735 and Hungary in 1835. Today in 
various parts of the world, a large number of different types of fermented 
sausage exist. For example. 330 different types are produced in Germany 
(Lerche. 1 975 ). This very high consumption of fermented meats is an 
indication that such products have a lone tradition of' being safe. However, 
some specific safety aspects deserve consideration. 
Fermentation traditionally otters an easy and low-energy preservation 
method for meats that result in distinctive products that have an important part 
in the diet of people making then. Such fermented meats contribute both 
nutritional value and pleasure to meals. However, products are not the same 
from time to time. Indeed, the product may spoil, cause illness due to 
pathogenic microorganisms or their toxins, and even become lethal due to 
botulinum toxin production if the normal beneficial microbial flora does not 
multiply as usual. To prevent these problems, the use of starter cultures has 
become commonplace in many countries, including developing countries. 
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The bacteria which play a significant role and commonly found in 
fermented sausages are lactic acid bacteria (Coppola et al., 1998). These 
microorganisms are used as starter cultures, promoting meat f. rmentation 
(Papamanoli et al., 2003). Lactic acid bacteria improve safety and stability of 
the product, enhance colour stability, prevent rancidity and release various 
aromatic substances (Coppola et al., 1998; Hammes et al., 1995; Nychas & 
Arkoudelos, 1990; Papamanoli et al., 2003). Lactobacilli are the predominant 
lactic acid bacteria and among them the most frequently isolated strains are 
LuctQhcc.cillns curvatus, Lactobacillus sukc'i, and Lactobacillus f)luftcur'tu» 
(Hammes, 1990). The most promising bacteria for starter cultures are those 
which are isolated from the indigenous microtlora of traditional products. 
These microorganisms are well adapted in the pleat environment and are 
capable of dominating the rnicroflora of' products. The strains selected as 
starter or protective cultures must have the most important technological 
properties and/or bacteriocin production capabilities (Hammes, 1990). 
2.2. Fermented sausages 
Sausages consisting of a mixture of small-sized or minced meat, salt, 
spices and other ingredients, which was put in a casing, must have been a 
rather sophisticated invention. The earliest proof of the oldest sausages dates 
back for more than 5,000 years and was found in the Sumerian culture - the 
former Babylonia. The first written references about sausages date from 
approximately 600 BC, both in ancient China and in Greece. In China a 
sausage known as 'Lachang' - sweetened, seasoned and smoked - was first 
mentioned, and in Greece sausages were described in the works of I lomer and 
Epicharmus, the latter having written a comedy entitled 'The sausage' (Anon, 
2006). 
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Fermented sausages can he either dry or semidry. The most well-known 
dry sausages, such as Genoa salami, dry salami, and pepperoni, originated 
from Italy (Ricke & Keeton. 1997). In general. dry sausages have a final pH of 
5.0-5.3, lactic acid percent of 0.5-1.0% and an MPR of <2.3:1. The moisture 
loss is between 25-50% and the final moisture percent on average is <35% 
with water activity (a„) ranging between <0.85 to 0.91. However, these values 
may be different due to government and company specifications. German and 
hard salami are required by FSIS to have an MPR of 1.9:1, with the exception 
of Genoa salami, which is required to have an NIPR of 2.3:1 (ISIS, 1986). The 
p1I range for these products is 4.7-4.9. whereas, pepperoni has a slightly lower 
pH range of 4.5-4.8 and a lower MPR of 1.6:1 as required by FSIS (FSIS, 
1986). The moisture content for these products ranges from 25-39%. All of 
these products, because of their moisture-to-protein ratios, are considered 
shelf stable (FSIS. 1986: Ricke K. Keeton. 1997). Semidry sausages such as 
summer sausage, eerr'elat, and Mettwurst typically have a final p1-I between 
4.7-5.1. a lactic acid percent of 0.5-1.3%, and an MPR of >2.3:1 but <3.7:1. 
The moisture loss ranges from 8-15% and the moisture percent ranges from 
45-50%. The water activity range is 0.90-0.94. Again, values will vary 
depending upon the government and company specifications. For instance, a 
summer sausage will  have a final p1-I <5.0, a lactic acid percent of 1 %, and an 
MPR of 3.1:1 with a moisture percent o( 41- 51 %. Lebanon bologna is unique 
in that it contains a higher moisture content of 56-62% (Ricke & Keeton, 
1997). Due to the higher moisture-to-protein ratios, semidry sausages are 
required to be refrigerated. 
The distinct sensory qualities and remarkable shelf-life characteristics 
of fermented sausages, as compared to cooked sausages. are largely due to 
acidification of the meat hatter. Traditionally, acidification of the raw meat is 
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the result of a microbial fermentation process. Lactic acid bacteria play a 
major role in the microbial consortium of fermented and cured meat: they 
affected both the technological properties and the microbial stability of the 
final product through the production of' lactic and acetic acids ("I'oldra. 2010). 
Acidification is generally combined with protection from oxygen (stuffing 
into casinos), extensive salting, and curing, and with an ageing stage for 
product maturation. The latter stage can be absent, short, or long, depending 
on the type of product, and leads to drying, resulting in a lower water activity, 
as well as to a complex and desired flavor formation (Campbell-Platt & Cook, 
1995: Lucke. 1 998 ). Sometimes, smoking or heating is applied as a last step in 
the manufacturing process. I leating is common in the United States, where 
regulations require a core temperature of 58.30 C be tore selling the end-
product (Lucke, 1998). The almost anaerobic environment and the low p11 and 
water activity values that prevail in the sausage are to be considered as the 
main hurdles that inhibit undesirable microbial growth and lead to a relatively 
stable end-product. 
In the case of spontaneously fermented sausage or sausage prepared 
through back-slopping, LAB that cause acidification of the meat and, hence, 
start the fermentation process, originate from the raw material or production 
environment. However. LAB can also he added deliberately by the sausage 
manufacturer as a starter culture to the meat batter (Campbell-Platt c . Cook, 
1 99 , 1-lu<vas & Monfort. 1997). In contrast to spontaneous fermentation, 
where the manufacturer relies on the presence of a "house microbiota" (counts 
of 102-10 3 LAB per gram of fresh hatter). the addition of a starter culture 
leads to high initial I.AB counts (106-107 per gram of fresh hatter). This 
enhances acidification, leads to a more standardized and predictable 
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production process, shortens the development of firmness and the overall 
ripening time, and improves food safety (Lucke, 1998). 
As an alternative to the use of LAI3 starter cultures, some manufacturers 
prefer to apply chemical acidulants, mainly to shorten the production process. 
Best results have been obtained with `ulucono-delta-lactone (GdL) (Barbut, 
2006). However, a disadvantage of chemical acidulates is that they generally 
induce rapid and poorly controlled acidification, leading to inhibition of flavor 
development. 
2.3. Starter culture 
Starter cultures for sausage fermentation are composed of nontoxic, 
nonpathogenic, and phenotypically and genetically stable microbial strains 
that possess activities that contribute to the fermentation of the meal, leading 
to proper acidification, flavor, texture, and color development, and microbial 
stability of the end-product (Leroy & De Vuvst, 2009). Commercial starter 
cultures contain LAB are distributed frozen or freeze-dried on Suitable carriers 
(Lucke, 1 998 ). DVI-type commercial starter cultures enable direct vat 
inoculation of the meat hatter, without preceding growth of' the culture(s). In 
certain types of mold-ripened, non smoked sausages, the application of 
selected molds as surface starter Cultures is considered to be advantageous. 
Also, yeasts may be applied as internal or external starter cultures. 
Besides the microbial biomass and the carrier material (e.g., milk 
powder), starter cultures usually contain other ingredients, such as 
cryoprotectants (e.g., sodium glutamate. sucrose, and lactose) and manganese 
(added as growth factor for the lactobacilli involved). The glucose naturally 
present in the Meat is usually too low to allow sufficient acidification, so that 
fermentable carbohydrates, usually dextrose, are added to the meat batter to 
obtain an appropriate end-piI and acceptable textural properties (Gonzalez- 
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Fernandez et al., 2006). Nevertheless, some enuiIle salamis are still made 
without carbohydrate addition (Lucke, 1998). Manganese, the active 
component of spices such as black pepper, is sometimes added to starter 
culture preparations because of its stimulatory effect on the LAB and the 
acidification rate (Coventry & I lickey, 1993; Leroy & De \'uyst. 2005). 
2.3.1. Lactic acid bacteria 
Lactic acid bacteria (LAB) consist of a number of bacterial genera 
within the phylum Firm ielites. The genera Car»ohncte,•ncl», f:'!itel•ococcus, 
Lactobacillus. Lcictococcus. L(rctvs j)haercl, Lenconostoc, .1 eliSSOcOCCI[.1', 
Oenococcus. Pediococcus. Streptococcus, Tetragenococcus, Vagococcus and 
1 "eissellc1 are recognized as LAB (Ercolini et al., 2001: Jay, 2000; Holzapfel 
et al.. 2001; Stiles & 1-lolzapfel, 1997). Lactic acid-producing Gram-positive 
bacteria but belonging to the phylum Actinobacteria are genera such as 
Aerococcu , . iicrohcictcrinin, and 1'ropionihacte!-itrnt (Sneath & 1 Jolt, 2001) 
as well as Bi/Idobucterium (Gipson & Fuller, 2000: l lolzapfel et al., 2001). 
Members of LAB share the property of being Gram-positive bacteria (looks 
et al., 1999) that ferment carbohydrates into energy and lactic acid (Jay, 2000). 
Depending on the organism. metabolic pathways differ when glucose is the 
main carbon source: homofermentative bacteria such as Lactococcus and 
Streptococcus yield two lactates from one glucose molecule, whereas the 
heterofermentative (ie. Leuconostoc and lVeissella) transform a glucose 
molecule into lactate, ethanol and carbon dioxide (Caplice & Fitzgerald, 1999, 
Jay, 2000; Kuipers et al.. 2000). In addition, LA13 produce small organic 
compounds that give the aroma and flavor to the fermented product (Caplice 
& Fitzgerald, l999. 
LAB were first isolated from milk (Carr et al.. 2002) and have since 
been found in such foods and fermented products as meat, milk products. 
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vegetables, beverages and bakery products (Caplice & Fitzgerald. 1999, 
Gobbetti & Corsetti. 1997; Jay, 2000, I.iu, 2003; Lonvaud-Funel, 2001; 
O'Sullivan et al., 2002). LAB occur naturally in fermented food (Caplice and 
Fitzgerald, 1999) and have been detected in soil, water, manure and sewage 
(Holzapfel et al., 2001 ). LAB exist in human (Boris et al., 1998; Elliott et al., 
1991: Martin et al.. 2003; Ocana et al., 1999: Reid, 2001; Schrezenmeir & de 
Vrese, 2001) and in animal (Fujisawa & Mitsuoka. 1996; Klijn et al., 1995; 
Schrezenmeir & de Vrese, 2001 ). However, some LAB are part of' the oral 
flora which can cause dental caries (Monchois et al., 1999, Sbordone & 
Bortolaia, 2003). LAB can work as spoilage organisms in foods such as meat, 
fish and beverages (Jay, 2000; Liu, 2003). LAB have been used as a flavoring 
and texturizing agent as well as a preservative in food for centuries and are 
now added as starters in food (Caplice & Fitzgerald, 1999). LAB, such as 
lactobacilli, L. lactis, and Streptococcus ther•moppllilus, inhibit food spoilage 
and pathogenic bacteria and preserve the nutritive qualities of raw food 
material for an extended shelf life (I letter, 2001; O'Sullivan et al.. 2002). 
Recently, the use of metabolites of LAB as biological preservatives in food 
packaging materials has been discussed (Pirttij irvi et al., 2001; Scannell et al., 
2000). LAB play an important role in processing animal feeds like silage 
(Driehuis & Oude Ht'erink. 2000, 1lolzer et al., 2003). The antimicrobial 
effect of LAB is mainly due to their lactic and organic acid production, 
causing the p1-1 of the growth environment to decrease (Caplice & Fitzgerald, 
1999; Kuipers et al.. 2000). Low pi I induces organic acids to become lipid 
soluble and diffuse through the cell membrane into the cytoplasm (Gottschalk, 
1988). LAB also produce acetaldehyde, hydrogen peroxide, diacetyl, carbon 
dioxide. polysaccharides and bacteriocins (Caplice & Fitzgerald, 1999; De 
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Vuyst & De` eest, 1999; Rodrigues et al., 2003), some of which may act as 
antimicrobials. 
LAB are crucial for sausage fermentation because of their acidification 
capacity based on the conversion of fermentable carbohydrates into lactic 
acid. Generally, homo fermentative lactobacilli, such as strains of 
Lactohucillu. scakei, LULIO II(Willus clu•t•utLL . Luctohucillus plurtturum. and 
Lactobacillus pento.cuLs. and/or pediococci, such as Pecliococcus uciclilac.•tic•i 
and Pediococcus pentosuceus are applied (Leroy K De Vuyst, 2009). 
Traditionally. spontaneously fermented European sausage. L akei and, to a 
minor extent, L. 01111 utIlS, usually dominate the sausage micro biota 
(Andri2hetto et al.. 2001; Baruzzi et al.. 2006; Comi et al., 2005; Fontan et al., 
2007; Parente et al., 2001; Rantsiou el al., 2005). Because of their natural 
competitiveness in fermented sausage, they are excellent starter cultures for 
slow-type fermentations at low temperature (20-25" C). At these temperatures, 
acid formation by pediococci is too slow and the performance of cultures 
containing lactobacilli is superior (Lucke, 1998). Also, it results in excellent 
flavor characteristics. In the United States, pediococci are more commonly 
used, due to historical and technological reasons, resulting in more quickly 
acidified sausages (Can}pbell-Platt & Cook, 1995). Although lactobacilli are 
dominant in fermented sausages, they were originally not very well suited as 
starter cultures, because they did not readily survive lyophilization. Also, the 
first commercial starter culture, a strain of Pecliococcus uciclilcac•tici, was 
marketed in the United States, where higher temperatures arc applied (30-40" 
('). With the advent of frozen culture concentrates and better freeze-drying 
methods, the use of lactobacilli became more common. Although rapid and 
strong acidification of the meat batter contributes to a stable fermentation, 
enhanced food safety, and improved cohesiveness and slice ability of the end 
25 
product, flavor development may be reduced due to inhibition of endogenous 
and microbial enzyme activities. 
With respect to microbial hazards, a well-perforrncd sausage 
fermentation process v ill eliminate most pathogenic bacteria. Nevertheless, 
Staplivlococctrs aurelis (Sameshima et al., 1998), F.seherichica soli (Ammon et 
al., 1999; Normanno et al., 2002, Pichner et al., 2006, Sauer et al., 1997), 
Salmonella (Bremer et al.. 2004: Ferreira et al., 2007; Siriken et al., 2006), and 
Listeria lnonocvtogenes (Colak et al., 2007; Encinas et al., 1999: Ferreira et al., 
2007; Gianfranceschi et al.. 2006; Siriken et al., 2006; Thevenot et al.. 200 5) 
are still of concern, especially in short-ripened, semidry, or moist sausa`e, in 
the case of hygiene-management deficiencies, or when initial pathogen loads 
are high (Nightingale et al., 2006; Pichner et al., 2006). 
2.3.2. Lactic acid bacteria benefiting health 
LAB have been cited to he part of human (Fuller, 1991; (ioldin, 1990; 
Holzapfel et al., 2001: Reid, 2001; Schrezenmeir & de Vrese, 2001; Sghir et 
al., 2000) and animal (Batt et al., 1991; Benno et al., 1992; 1 ujisawa & 
Mitsuoka, 1996: Perdigon et al., 2001: Rodriguez et al., 2003; Schrezenmeir & 
de Vrese, 2001) microhiota. The neonates receive their microbiota primarily in 
labor and later from the environment (Edwards & Parrett, 20(12; Fuller & 
Gibson, 1998). LAB and bifidobacteria dominate the microhiota of the full-
term neonate (Hall et al.. 1990), especially when breast-fed (Edwards & 
Parrett, 2002; I_onnerdal. 1-000) with a health promoting effect on the child 
(Arici et al., 2004; Boris et al., 1998, Edwards k Parrett, 2002). 
Heikkil5 and Saris (2003 ) isolated I.A13 from human milk. Martin et al. 
(2003) detected 1erctobcicilpus gwsseTi from breast-feeding; mothers and 
children in pair and observed coccoid LA13 sharing identical random]% 
amplified polymorphic DNA (RAPD) patterns. Although it is difficult for 
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microbes to establish themselves in an already colonized ecosystem (Tannock, 
1990), the health impact of microbiota consisting of LAB is well documented 
in humans (I3ezkorovainv, 2001: Fooks et al., 1999: Vlajamaa & Isolauri, 
1997: Reid et al., 2003) and in animals (Bezkorov ainv, 2001; Ehrmann et al., 
2002: Fujisawa & Mitsuoka, 1996). Gut bacteria are anticipated to interact 
with the host. encompassing direct interaction between bacteria and host 
epithelial cells (de Vos et al., 2004). 
LAB are regarded as a major group of probiotic bacteria (Collins et al.. 
1998; Schrezenmeir & de \'rese. 2001; Tannock, 1998). The probiotic concept 
has been defined by Fuller (1989) to mean "a live microbial feed supplement 
which beneficially affects the host animal by improving its intestinal microbial 
balance". Salminen et al. ( 1999) proposed that probiotics are microbial cell 
preparations or components of microbial cells that have a beneficial effect on 
the hea Rh and well-beinw. of the host. Several lactobacilli, lactococci and 
bifidobacteria are held to be health-benefiting bacteria (Rolfe, 2000; Tuohy et 
al.. 2003). but little is known about the probiotic mechanisms of out 
microbiota (Gibson & Fuller, 2000). LAB constitute an integral part of the 
healthy gastrointestinal ((it) microecologv and are involved in the host 
metabolism (Fernandes et al.. 1987). Fermentation has been specified as a 
mechanism of prohiotics (Gibson & Fuller. 2000). 1.AI3 along with other gut 
microbiota ferment various substrates like lactose, bio<uenic amines and 
allergenic compounds into short-chain fatty acids and other organic acids and 
gases (Gibson & Fuller, 2000; Gorbach, 1990; Jay, 2000). LAI3 synthesize 
enzymes, vitamins, antioxidants and bacteriocins (Fernandes et al.. 1987; 
Knorr. 1998). With these properties, inestinal LAB constitute an important 
mechanism for the metabolism and detoxification of foreign substances 
entering the body (Salminen, 1990). The health-promoting effects of LAB are 
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strain specific and result in different mechanisms to produce beneficial health 
impacts. 
2.3.3. Bacteriocins produced by lactic acid bacteria 
Acidification of the ram,- meat is the main Contribution of the starter 
culture to the safety of fermented sausages (Lucke, 2000). however, not all 
sausages are fermented to pH values that are low enough to guarantee the 
absence of pathogens. Moreover, there is increasing concern about the acid 
tolerance of L mo,noc liogennes in fermented foods (Gahan et al., 1996) and its 
recovery from fermented sausages (Colak et al.. 2007; Encinas et al., 1999; 
Farber et al.. 1993; Ferreira et al.. 2007; Gianfranceschi et al., 2006; Siriken et 
al., 2006; Thevenot et al., 2005). The production of other antimicrobial 
compounds, in addition to the generation of lactic acid, could therefore lead to 
safer products. 
Most promising are LAB that produce bacteriocins, which are 
antibacterial peptides or proteins that kill or inhibit the growth of other Gram-
positive bacteria (Leroy & De Vuyst, 2000; O'Sullivan et al., 2002). LAB 
produce a diversity of hacteriocins that are generally active towards other 
LAB, contributing to the competitiveness of the producer, but also towards 
food borne pathogens such as L nlunroc\•u )genes (Ennaha►r et al., 1999). 
Therefore, the application of bacteriocin-producing LAB in the meat industry 
offers a way of natural food preservation (De Martinis et al., 2002; Hu`as & 
Monforl, 1997; McMullen & Stiles, 1996: Stiles & 1-lastings, 1991 ), without 
risk for human health (Cleveland et al., 2001 ). Moreover, in situ hacteriocin 
production does not lead to organoleptic or flavor imperfections, as has been 
shown through taste panels for fermented sausages manufactured with 
different strains (Coffey et al.. 1998; 1-lugas et al., 1995: i'rso et al., 2006). 
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Bacteriocins produced by LAB are classified into three main groups, 
lantibiotics being the most documented and industrially, exploited. The groups 
are lantibiotics (Class I), nonlantibiotics. small heat-stable peptides (Class II) 
and large heat-labile protein (Class 111) (O'Sullivan, et al., 2002). The 
lantibiotic nisin naturally produced by Luctococcus lnctis ssp. lcactis is 
commercially, available as tod additive 1234 (Anonymous. 1994). The nisin 
variants A and Z, dit erin . by one amino acid (de Vos et al., 1 993 ), are 
approved for use in foodstuffs by food additive legislating bodies in the US 
(Food and Drug Administration, FI)A) and in the [ (Thomas et al., 2000). In 
addition, a new nisin variant, nisin Q, has been isolated from a L. !cretin strain 
found in river water in Japan. Nisin Q differs in four amino acids as a mature 
peptide and in tvvo amino acids of the leader sequence (Zendo et al.. 2003). 
All forms of nisin are antimicroblally active against Gram-positive bacteria, 
such as LAB. Listeria sp., Wicrococcits sp. and sporeforming bacteria like 
Bacillus sp. and Clostridium sp. (McAuliffe et al., 2001; Thomas et al., 2000; 
Zendo et al., 2003). The inhibiting mode of nisin towards vegetative cells 
consists of several phases. Nisin accumulates on the cell membrane and inserts 
into it, then aggregates within the membrane to form a water-filled pore 
(Nissen-Meyer et al., 1992. Thomas et al., 2000; McAuliffe et al. 2001 ). 
Another model suggests that nisin molecules bind by electrostatic interactions 
to the anionic membrane surface, leading to a high local concentration that 
disturbs the lipid dynamics and causes localized strains, forcing the raisin into 
the membrane (Driessen et al.. 1995). At this stage, a voltage-dependent pore 
is formed leading to the dissipation of the bacterial proton motive force. Loss 
of the proton motive force, required for ATP synthesis and the transport of 
ions, causes cell death through depletion of energy dependent reactions 
(Breukink & de Kruijff, 1999). Nisin is also known to inhibit peptidoulycan 
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biosynthesis by interacting with cell wall precursors, lipid I and lipid II 
(Wiedemann et al.. 2004). Breunkink et al. (2003) concluded that nisinlipid 11 
interaction stablilized the pore complex. The electric transmembrane potential 
is strongly reduced in the presence of' nisin and lipid II (Wiedemann et al., 
2004).Furthernlore, nisin inactivates endospores by preventing post-
germination se- elling and subsequent spore outgrowth (1 honlas et al., 2000). 
LAB capable of secreting antimicrobial peptides are used in a probiotic 
manner as food preservatives as well as health-promoting agents for humans 
(Barefoot and Nettles, 1993; Ryan et al.. 1996, Ocana et al., 1999: O'Sullivan 
et al., 2002) and animals (Robredo & T rres, 2000, Ryan et al., 1996). Nisin 
applied as a food preservative extends the shelf life of a product (O'Sullivan, 
et al., 2002; Zottola et al., 1994). It is relatively stable in foodstuffs since 15 — 
20% of nisin is lost in heat treatment (Thomas et al., 2000). For probiotic 
purposes, bacteriocins are `enerally produced by a LAB strain in the product 
(Bernet-Camard et al., 1997: Dunne & Shanahan. 2003: Joosten & Nunez, 
1996; Yuki et al.. 1999). The bacteriocin concentration then remains lower 
than when the purified antimicrobial agent is added. 
Bacteria have self-protective mechanisms 11111iting the hacteriocin 
production, as in the case of nisin-producing Lactococcus luctis (Immonen & 
Saris, 1998: Kuipers et al.. 1993; (.ciao et al.. 1995). The hacteriocin 
production is highest at the end of the exponential and early stationary phase 
(Daba et al., 1993; Thomas et al., 2000) and reduction is caused by proteolytic 
degradation of the bactcriocin (Dc Vuyst & Vanda11 me, 1994, Thomas et al., 
2000). Some bacterial strains, such as Clostridium hotu/rout 169B (Mazzotta 
& Montville, 1999) and Streptococcus boyis JB I (Mantovan1 & Russell, 2001) 
are resistant to nisin. Resistance is assumed to he based on the enzymatic 
decomposition of nisin (Breuer & Radler, 1996). Nisin resistance in 
sporeforming strains has been associated with an enzyme produced during 
germination acting on the C-terminal lanthionine ring of nisin (Mazzotta & 
Montville, 1999). Breuer and Radler (1996) demonstrated that differences in 
the resistance to nisin amonz Lactobacillus c asei strains are related to cell-
wall linked heteropolysaccharaides. whereas Mantovani and Russell (2001) 
reported nisin-resistant S. bovis JB I cells having more lipoteichoic acid than 
nisin-sensitive cells. 
Strains of several species of lactobacilli that are relevant for meat 
fermentation have been shown to produce bacteriocins or bacteriocin-like 
compounds: Lb. scikei (Aymerich et al.. 2000: Rosa et al., 2002: l'antillo et al., 
2002). Lb. 0111-1vutus (Matarnoas et al., 2002; Xiraphi et al., 2006), Lb. 
plantcn•um (Ayrnerich et al., 2000: Messi et al., 2001: Sabia et al., 2003), Lb. 
brcvis (Benoit et al.. 1 994 ). and Lh. cusci (\'ignolo et al., 1 993). Their use as 
starter cultures permits a reduction in Listcr•ia levels in fermented sausage 
(Benkerroum et al., 2005: Dicks et al.. 2004). As an alternative to lactobacilli, 
bacteriocin-producing pediococci (Lahti et al., 2001) or enterocoeci (Ananou 
el al., 200: Callewaerl et al., 2000: l lu`as et al., 2003: Sabia et al., 2003) may 
be used. Also, bacteriocin-producing Luctococcus lactis strains have been 
used as new functional starters for fermented sausage manufacture. 
Although excellent fermented sausages can be produced naturally, 
without starter culture, the addition of selected starter culture strains to the 
meat batter has several advantages, in particular with respect to the 
standardization and speed of the fermentation process. A still Mister and hence, 
more economical alternative is to use of chemical acidulants instead of a 
microbial fermentation, but this method interferes with flavor development 
and is only applicable in a limited amount of products that do not rely on the 
development of' a typical dry sausage flavor. Further improvement is to be 
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achieved by selecting strains that possess specific functional properties that 
may contribute to the quality, safety. and healthiness of the end-product. It 
seems particularly promising to investigate wild-type strains from traditional, 
artisan products and to evaluate how such strains can be applied in the 
industry (Leroy & De Vuyst, 2009). 
Kalalou et al. (2004 t conducted studies on the possibility of preserving 
ground camel meat by a biological procedure using lactic acid bacteria to 
encourage an extended shelf-life of fresh meat in hot areas. Lactic acid 
bacteria isolated from natural fermented food stuffs were selected for their 
antimicrobial activity, and used in sausage making from camel meat. %,Ieat and 
fat were mixed in the ratio of 80'20 and inoculated with the strain of L. 
plantarum. The mixture was stuffed in natural casing to make small pieces 
(weighing 50 g each) and exposed to drying at 15 to 18° C and 70 to 80% 
relative humidity. Results showed a significant decrease of ('oliforms, 
Enterococci and yeasts, which were completely eliminated after 21 days. 
Standard plate counts indicated a considerable decrease during the ripening 
period. Proteolytic microorganisms decreased from 106 cfu;g to less than l 
cfu/g at the end of the process. Lipolytic microorganisms were reduced to 
reach a number of 3 x 104 cfu/yg. The pH-i decreased to 4.5 and the water activity 
reached also 0.7. 
1-lu et al. (2007) conducted studies on et'lect of mixed culture 
fermentation on silver carp sausages. Three groups of silver carp sausages 
inoculated with the combinations of .ttip1F1ceoccu x_t'losus with 
Lactobacillus p1arsixorum. Pedixcc()e•cu.\ l)e/ltr,.uct'us, and Laetchaci11rs easel 
subsp. easel, and a batch without any starter (control) were prepared. I-le 
observed that the initial total aerobic plate counts (APC) in the sausage batter 
were in the rang of 4-6.5 log cfu.g - '. l lo,. ever. the batches with added 
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cultures significantly increased to the level of high log cfti.g I after 36 h 
fermentation and then started to stabilize or decline during the later stages. It 
seemed likely that the higher acidity and bacteriocins produced by the starters 
could have suppressive action against the growth of APC in the end product 
(Yin et al., 2002). The initial counts of Micrococcaceae in samples were in the 
range of 4.2-6.5 log cfu.g ' depending upon the starter, where counts were 
obviously higher for sausages added with starter S. xvlosus. The counts of 
Micrococcaceae were significantly increased in the batches inoculated with 
mixed starters to a level of 7-8 log cfu.g ' at 12 h, thereafter, the counts 
decreased significantly in all batches except the control. Several authors have 
reported that the acidification and anaerobic conditions inhibited the growth of 
Micrococcaceae during ripening of fermented sausages (Hugas & Monfort, 
1997: Aksu & Kava, 2004; Kaya K. Gokalp, 2004). In this study, highly 
significant positive correlation (r=0.850, P<0.01) between pH and 
Micrococcaceae was observed. Enterobacteriaceae and Pseudomonas counts 
of sausages with or without starters were between 2.1 and 2.5 log cfu.g-  at the 
beginning of fermentation; no differences between batches were observed. 
After 48 h of fermentation, the sausages inoculated with starter cultures 
significantly inhibited the growth of Enterobacteriaceae and Pseurdolnonus. 
This result was in agreement with the result of Aryanta et al. (199 1) who 
reported that Enterobacteriaceac counts were significantly decreased with 
starter cultures added to Turkish Soudjoucks (a fermented meat product). The 
rapid decline in pH value as well as probably production of bacteriocin by 
lactic acid bacteria and antagonistic characteristics of S. xlvlosu.s might be 
responsible factors for suppression of such spoilage bacteria like 
Enterobacteriaceac (Fadda cat al. 2002; Sakhare & Rao 2003). A highly 
significant correlation (r=0.767, P<0.01) between pH and Enterobacteriaceae 
33 
reflected that the pH was the main hurdle for the growth of those bacteria. The 
yeast and mold counts increased in the batches inoculated with mixed starters 
to a level of 4.0-4.5 lo`u cfu.2- ' at 24 h, thereafter, the counts decreased 
significantl\ with processing time to 1-2 log cfu.g 1 . In contrast, the control 
showed higher counts of yeasts and molds in final products. 
According to Miyazaki et al. (2010), the effects of probiotic strains of 
Lactobacillus and Enterococcus on the growth, adhesion activity, and biofilm 
formation of enteroaggregative f sc•hel•ichicl coli (EAggEC) were examined. 
The culture supernatant of the Esch€'ric hicl firc'c iunl strain, with or without pH 
adjustment to a neutral p1-1, had a strong bactericidal effect on EAggEC, 
including induction of membrane damage and cell lysis. Supernatants of the L. 
casei ç 	and L. c-usei ss. 1•hcrntnosus strains also had a bactericidal effect 
on EAggEC, but this activity was abolished by pH adjustment to a neutral pl-I. 
Giicukoglu & Kiipliilii (2010) studied the effect of different starter 
cultures and ripening temperatures on formation of biogenic amine in Turkish 
fermented sausages. Different starter culture added groups (Group 1: 
Lactcbcici/lus sake, Sta phvlococcus xi'Iosus; Group 11: Letc•tdhcic•iihus 
piintabuii. Sfclpin-lococcc'lls ccil -iiO,us; Group III: Laetohuci/fus onTitus, 
Staphylococcus carnostcs, and Stup17.11ococcus .ivlo.s'us) and control group 
sausage samples were produced experimentally at two different temperatures 
(22 and 26" C). During the ripening period, there is no statistical discrepancy 
(P>0.05) in terms of biogenic amine amounts, microbiological, and chemical 
values detected from the sausage samples produced at 26 and 22" C. 1 However, 
in both levels of temperature, there is statistical discrepancy (P<0.001) 
detected in terms of tyramine, putrescine values and the count of Lnterococclls 
spp. between the starter culture added samples and controlgroup samples. By 
this study, it has been stated that the ripening temperature does not make any 
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statistical discrepancy (P>0.05) for all values but the use of starter culture 
prevents the formation of biogenic amine in Turkish fermented sausages. 
Biogenic amines are low molecule based organic basis formed by 
decarhoxv lation of amino acids or deamination of aldehyde and ketones due to 
microbial activities in nutrients. These amines are classified into three groups 
according to their chemical structure: aliphatic (putrescine, cadaverine), 
aromatic (tyramine, phenylethvlamine), and heterocyclic (histamine, 
tryptamine). Besides they are alsogrouped as monoamines, diamines, and 
polyamines in terms of the amount of nitrogen they contain (Buatti et al., 
1995; Soleas et al.. 1999). Many microorganisms that reduce amino acids in 
nutrients by decarboxvlase enz\vme and cause the formation of biogenic 
amines in nutrients have been reported. Examples of these organisms are 
Bacillus .cpp.. Psckloilrnn,s Spf)., PiQtnhaecrirr,7 spp. ; from Entero-
haeteriaceare, Citrohacter spp., K/chs/ally spp., Escherichid spp., Pro tells 
spp.. Salmonella spp. and Shigella spp.; from ;Uicrococcius. SlnpM'locceets, 
alicrococcus spp., and Staphylococcus spp; from lactic acid bacteria, 
Lactohacillus• spp., Enterococcns spp., Carnohucteriu ,n spp., Pecliococcus 
spp.. Lactococeas spp. and Leuconostoc spp. and from moulds. Debarvo,nvices 
spp. and ('afd/idda .spp.(MMlaijala et al.. 1993; Suzzi & Gardini. 2003). 
Ergonul and Kundakci (2010) reported during their studies on 
microbiological attributes and hiogenic amine content of prohiotic Turkish 
fermented sausages that it was found that either- Salmonella or Stap/ieloeoccus 
aureus strains were not detected in any fermented sausage samples. 
Salmonella and S. aureus are especially present in raw meat samples. S. 
aureus counts of tormented sausage samples were changing between 5.39 lo(, 
cfa/g and 5.46 log cfu/g. At the end of the drying and maturation period of 6 
days, these values were 1.00 lo(, cfu/` and 3.91 loo cfu/g. After a 30 day 
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refrigerated storage. S. aurerrs counts of the samples were below the limit of 
1.00 log cgu/g (Ulusoy, 2007). In both sucuk dough and during storage period, 
fecal coliform bacteria and Eseher•ichia coli were not detected in any sample. 
At this point of view, since pathogenic bacteria were not detected in probiotic 
sausage samples, they can be consumed without cooking. 
2.4. Manufacturing, of fermented sausages 
2.4.1. Choice and preparation of raw material 
Fresh, raw. sausage mixture contains 50°/, to 70% lean meat, that is, 
mammalian (sometimes poultry) skeletal muscle tissue. Meat availability (and 
price), religious traditions, and eating habits determine the animal species. To 
avoid problems early in fermentation, meat should have a normal pH (5.5-5.8) 
and a low level of undesired microorganisms, eg, Fntero-hacteriaceae. For 
optimal color and consistency of the sausages, butchers prefer meat from old 
animals such as sows and avoid use of PSF (pale, soft. exidative) pork. The 
fatty tissue used should consist of fat with a high melting point. For dry 
sausages with a long shelf life, not more than 12% of the total fatty acid 
should be polyunsaturated (Stiebing et al., 1993); otherwise, color and flavor 
defects and rancidity will develop early. In countries where religious tradition 
prohibits the consumption of pork. beef certain other fatty tissues from 
ruminants are used instead. eg, for Turkish soudjouk (Gokalp, 1986). The raw -
material is cut into appropriate pieces, which ate subsequently chilled or 
frozen. By rapid freezing after slaughter and by avoiding long-term frozen 
storage. the peroxide content of fatty tissue is kept to a minimum. 
2.4.2. Comminution 
The raw material m»a\ be comminuted in cutters Or grinders; the latter 
brings about a "shorter" (more crumbly) consistency required for various 
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traditional products. It is important to keep the temperature close to the 
freezing point, otherwise, the efficiency of cutting will be reduced and fats 
may smear. It is common practice to add part of the raw material in the frozen 
state. 
2.4.3.. Additives 
Addition of .50 n to 3°o (w/w) salt (sodium chloride) is most common. 
In conjunction with a moisture_ content of the mix of about 50% (as in 
common formulations), this will give an initial a,,. of 0.955-0.965. Apart from 
its effect on the micro flora and flay or. salt interacts with the myofibrillar 
structure and solubilizes proteins, which form a sticky film around pleat 
particles. Nitrite is preferred as curing agent, for undried and semi-dry 
sausages with maximum input levels of about 150 mg NaNO2 kg . In many 
countries, nitrite may only be applied as a mixture containing about 0.5% 
sodium nitrite in NaCI. This effectively prevents overdosing of nitrite because 
such products would taste too salty. Sodium ascorbate (usually 300-500 mg 
kg I ) is frequently added, together with nitrite, to accelerate the development 
of curing color and flavor. For dry sausages, manufacturers use nitrate (up to 
300 m` KNO3 kg') or reduced levels of nitrite. Some fermented sausages are 
produced without any curing agents. This is possible if particle size is coarse, 
sausaue diameter is small, and fermentation temperature is low ( Wirth, 1991 ). 
Carbohydrates are added to the mix to provide an energy source for 
lactic acid bacteria, but large amounts of milk powder or starchy products are 
sometimes used to modify flavor or simply used as filler, the amount of 
fermentable carbohydrate needed depends on the initial pH and on the target 
pH after fermentation. Addition of 0.3% of glucose or another rapidly 
fermentable mono- or disaccharide \\- ill enable lactic acid bacteria to lower the 
pl-I by at least 0.5 units, which is sufficient for many products if pleat of 
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normal (pH<5.8) is used. lip to 0.5% glucono-delta-lacton (GdL) is 
sometimes added to the sausage mixture. It acts as an acidulant because it is 
hydrolyzed to gluconic acid within a few hours. It is fermented to lactic and 
acetic acid by various lactic acid bacteria. This may improve microbial safety 
but at the same time strongly interferes with other reactions required for 
development and maintenance of desired sensory properties. 1-knee, GdL is 
used mainly in the manufacture of "fresh," undried, or semi-dry fermented 
sausages. Ground pepper is usually present in all types of fermented sausages 
at a concentration of 0?% to 0.3%. Other spices commonly used include 
paprika, garlic, mace, pimento, and cardamom. Generally, air-dried sausages 
are more heavily spiced than smoked sausages. Apart from their effects on 
flavor, spices may also affect the micro flora and the oxidative changes during 
ripening. 
2.4.4. Filling 
Before tilling into casings, oxygen should be excluded from the mixture 
(eg, by vacuum-filling devices), and the temperature of the mix should not 
exceed 2°C. Natural casings (made from intestines from slaughter animals) as 
well as casings made from modified collagen and/or cellulose are most 
frequently used. They must allow evaporation of water from the sausages and 
penetration of smoke, and they must follow the shrinkage of the sausage 
durin`u drvin`!. For undried products, synthetic casings are also used. 
2.4.5. Fermentation 
Most sausages are fermented at temperatures between 200  and 25"C for 
to 4 days, although some American-style semi-dry sausages are fermented at 
temperatures up to 41 °C (Bacus, 1 984 ). The higher the temperature, the more 
rapid the fermentation, but the higher the risk of growth of mesophilic 
pathogens if acid formation is delayed or inhibited. Moreover, a high rate and 
extent of acid formation interferes with the flavor and stability of the product 
during long-term storage. Ilence, lower fermentation temperatures, in 
conjunction with low levels of fermentable carbohydrates, are applied in the 
manufacture of dry sausages with long shelf life and for mold-ripened 
sausages. 1lungarian "winter salami" or certain regional specialties in 
Germany are even fermented at temperatures as low as 8° to l2 C (Inczs, 
1986). To avoid moisture condensation on the sausage surface, the sausages 
arc first equilibrated to the ripening temperature at low relative humidity (RH) 
before entering the ripening chamber. Owing fermentation, the RI-I in the 
ripening chamber is maintained 5 to 10 units lower than the RI I (water activity 
x 100) within the sausayzes (ie, about 85% to 90%), and the air velocity 
controlled at about 0.4 m!s (Stiebing & Rodel, l 988). In the US, some sausages 
are heated at the end of the fermentation: regulations require heating to a core 
temperature of 58.3' C if the presence of Trichinella cannot be excluded 
(Bacus, 1984). 
2.4.6. Surface treatment 
If a "bloom" On the sausage surface is desired, sausages are dipped in 
suspension of appropriate starter molds (and/or yeasts) prior to fermentation. 
If the development of molds and yeasts on the sausage surface during drying 
or storage is to be prevented, the sausages are smoked, usually at the end of 
the fermentation period. Some regional specialties in (Iermany are air dried, 
ie. surface growth is prevented by control of relative humidity and repeated 
washings. In some countries, natamycin or sorbate dips are used to prevent the 
surface growth of yeasts and molds. 
2.4.7. Ageing;/Drying 
Sausages ore usually aged at 12° to 15° C. The climate in the ripening 
chamber should ensure a slow but steady drying of the sausages and prevent 
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excessive mold growth on the surface while avoiding Uneven drying of the 
product and the formation of a dry, hard outer layer on the sausages. Hence, 
the RI-I in the chamber is Oradually lowered to about 75% to 80%, and air 
velocity is adjusted to about 0.1 Ilk's. Most fermented sausages are ripened in 
controlled environment chambers throughout the year. However, many small 
manufacturers do not have this rather expensive equipment available. Thus, 
they have to restrict production to suitable seasons or to undried products, or 
use various means to adjust the climate of the ripening room. 
Most sliceable, semi-dry, fermented sausages (about 80% of the 
products on the German market) are dried to moisture contents of about 40%, 
which corresponds to a weight loss of about 18°x%% and an a, value of about 
0.93. Dry sausages have 35% moisture or less, corresponding to a weight loss 
of 25% or more, and an a„ of < 0.90. Obviously, more water must he removed 
if the formulation Includes less fat and more lean meat than normal. 
2.4.8. Packaging,, 
Nlanv traditionally made fermented sausages are minimally packaged, 
being placed in cardboard cartons to provide a measure of protection during 
transport and storage. Some types are placed cloth bags or plastic shrouds, 
which offer individual protection. Vacuum packing of the whole sausage is 
applied to some semi-dry types. In some cases the packing is intended to 
provide protection during transport and is removed before retail display. 
Vacuum packing can lead to migration of moisture to the surface and rapid 
growth of yeast or mould after opening the pack. Fermented sausages are now 
frequently sliced and pre-packaged before retail sale. Vacuum packaging is 
ww'idel% used and is et'tective in nmaintalnln the colour of the sausage and in 
minimizing fat oxidation. Sausages should he sliced at low temperatures to 
avoid fat smearing' and consequent poor appearance. The plastic film causes 
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problems of heat sealing. The use of high intensity display lighting can cause 
color fading. Modified atmosphere packaging is also used but is unnecessary 
with respect to microbial stability. 
2.5. Quality of fermented sausages (sensory, textural & physicochemical) 
Quality of ti:rmented sausages very much depends upon the quality of 
meat used for its preparation. Evaluation of meat quality is based on two main 
considerations: first, meeting the requirement of neat trade, and second, 
satisfying consumer preference. For simplicity, the characteristic of meat 
quality may be categorized as follows: first, the factors contributing to the 
appearance of the meat must he taken into account, which include the color of 
lean and fat, and the texture. "These traits may be important in the case of fresh 
meat, but may be of less siunificance in cooked meat. Second, the factors 
contributing to the eating, quality of meat must be considered, such as 
tenderness. juiciness, taste, and aroma (Ahmad, 2005). 
2.5.1. Sensory characteristics of fermented sausages 
Most of the meat products produced today are based on traditional 
practices. These products are attractive to consumers because they offer a 
wide variety of colors, flavors, and textures. There are many factors affecting 
the sensory characteristics of meat products such as the meats used as raw 
materials (genetic type, feed. age. sex, and rearing system), microorganisms 
selected as microbial starters for the fermentation and type of processing 
technologies (cooking, drying, ripening, smoking, etc.). There are many 
different cured meat products although they could he grouped into two major 
groups: dry-curing and ',vet-curing. Dry -cured ham and dry fermented 
sausages are the main representative of dry-curing. In these meat products a 
dry cure (salt plus nitrate and/or nitrite) without any added water is applied 
either on the surface of the ham or mixed with the mince for the sausage. In 
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both cases. the products are dried and ripened for a relatively long period of 
time for dehydration and. simultaneously, for the enzymatic development of 
flavor (Toldra, 2002). Cooked ham and frankfurters are good representative of 
\yet-curing. In these cases a pickle injection or brine soaking is used as vehicle 
for cure penetration into the product or, in the case of sausages, by mixing 
with the mince (Flores & roldra, 1 993 ). These products are generally cooked, 
optionally smoked, and are shorter in processing time. Flavor may be also 
modulated through the use of spices and/or condiments. 
A great research effort on the biochemical changes and enzymes 
involved during meat ageing were performed during the I 970 and 1980s. 
However, scarce information on biochemical changes was available in other 
products like cooked, dry-fermented and dry-cured meats. The endogenous 
and microbial enzyme systems \\,ere deeply studied in the 1990s, with special 
focus on its role in the processing and quality of these meat products ('l'oldra, 
2002 ) 
Proteolysis consists in the enzymatic hydrolysis of myofibrillar and 
sarcoplasmic proteins. This hydrolysis is brought about by the combined 
action of muscle proteinases (cathepsins and calpains) and exopeptidases. In 
fermented meat products, like dry fermented sausages, starter proteases also 
play an important role on proteolysis. Proteolysis contributes to the 
consistency of the product by the degradation of the myotibrillar structure and 
to its taste through the accumulation of small peptides and free amino acids. 
These amino acids directly contribute to flavor or indirectly as precursors of 
flavor compounds through amino acid degradation reactions (Toldra & Flores, 
1998). The extent of proteolysis is variable and mainly depends on the raw 
materials and processing conditions and, in the case of fermented meats, the 
type of starters added (Toldra, 2002). 
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Lipolysis consists in the enzymatic hydrolysis of triacyiglycerols and 
phospholipids. Muscle and adipose tissue lipases as well as muscle 
phospholipases, respectively, are responsible for these hydrolysis (Toldra & 
Navarro, 2002). In fermented meat products, like dry fermented sausages, 
lipases from microbial starters also play an important role on lypolysis. The 
generation of free fatty acids as final products is very important for flavor 
because they will act as substrates for further oxidative reactions for the for-
mation of volatile compounds with aroma properties (Flores et al., 1998). 
The original A I'P present in living muscle is degraded very rapidly, 
reaching negligible values in just a few hours. This degradation is complex 
and involves numerous enzymes. Main changes are observed during the first 
days postmortem. In this way, intermediate degradation compounds, like ADP 
and AMP, disappear within 24 h postmortem. Other nucleotides, like IMP 
(inosin monophosphate), shows maximum levels at I day postmortem and then 
slightly decrease. Inosine and hypoxanthine, -which are final products of the 
nucleotides breakdown, increase up to 7 days postmortem (Battle et al., 2001). 
Living muscle contains certain amounts of glycogen and glucose. These 
carbohydrates are rapidly hydrolyzed in postmortem Muscle producing lactic 
acid as end product. The accumulation of lactic acid in the muscle produces a 
p1-i drop towards acid values around 5.3-5.8. "l'he contribution of glycolysis is 
restricted to few hours in postmortem meat but is very important in fermented 
meats where sugar is added for microorganisms to grow. In this case, 
glycolysis is mainly due to the enzymatic system of lactic acid bacteria that 
produces high amounts of lactic acid as end product (I)emeyer & Toldra, 
2004). 
Nonvolatile compounds are formed during meat processing. 
Mechanisms like glycolysis, proteolysis, and lipolysis produce a good number 
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of nonvolatile Compounds with important flavor properties that play an 
important role in the taste impression of the product (Toldra & Flores, 2004). 
Endogenous muscle enzymes are responsible for most of these reactions and 
their extent will depend on the type of process. In the case of cooked products, 
the processing time is short but the increase of temperature during cooking 
accelerates the enzymatic action althowih for a few hours. On the other hand, 
a good number of nonvolatile compounds are generated in dry-cured ham 
because of its long ripening time. 
In the case of fermented meat products, there is a combined action 
between muscle and microbial enzymes and the accumulation of end products 
depending on the type of product, especially the pH drop rate and length of the 
process The main products resulting from glycolysis are organic acids, being 
the major products lactate and acetate that contribute to the sour taste of the 
product. This pH drop is usual in fermented meats when starters are used, 
mainly lactic acid bacteria. It positively affects color development, texture, 
and homogeneity of drying. I low ever, an excessive production of these acids 
may impart unpleasant flavors due to the partial masking of global aroma by 
the sourness. Some sweetness may be appreciated if some norrhgdrolyzed 
carbohydrates are remaining. I.ipolvsis. either from endogenous meat enzymes 
or from starter cultures, generates free fatty acids and di-and 
monoacylglycerols. The contribution of free fatty acids to the sour taste is 
rather poor because of the low concentration of these compounds for effective 
perception. It would he only significant in dry-cured ham, where the 
generation of long chain fatty acids is quite important. 'l'he further oxidation 
of the free fatly acids generate many different compounds responsible of the 
aroma of the product w- will he Iklter described. While lipolysis is plainly due 
to endogenous CIl/\ Illy., present in the muscle and adipose tissue, the lipid 
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oxidation process is due to either microbial or chemical action and thus they 
should be considered as different processes. 
Many yeasts and molds, usuall\ found in fermented sausages, may 
contribute to the Fermented flavor. They contain lypolylic enzymes that 
contribute to flavor through the generation of carbonyl compounds. Molds and 
}east are also able to oxidize lactic acid in the presence of oxygen. In addition, 
a mold layer on the surface of the sausage contributes to air drying by 
reducing available oxygen in the sausage. 
Polypeptides. peptides, and free amino acids are the main products from 
proteolysis. They have shown an improvement in meat taste during storage 
(Spanier & Miller. 199 3) and are also very important for taste development in 
meat products (Nishimura et al., 1988, Kato et al., 1989). The extent and 
profile of proteolysis depends on the type of product and its pH. So. cathepsin 
D is very important in acid products, like dry-fermented sausages, and some 
important proteins as myosin and actin are broken down to fragments with 135 
and 38 kDa. respectively (I)emeyer & l'o(dra, 2004). In products with mild 
pli values, like dry-cured ham, initial proteolysis is exerted by calpains and 
cathepsins B and L. Major mvolibrillar proteins are also broken down to 
oligopeptides, small tri- and dipeptides and free amino acids (Toldra et al., 
2000). A tripeptide containing Glu, Val, and Asp and some dipeptides like Ile-
Vat. Leu-Glu, Ile-Asp. Ala-Met, Glv-Glu, Glu-Arg, Pro-Leu, Gly-Ser, Asp-
Val, and Ser-Lys have been isolated and identified at the end of the process 
(Sentandreu et al., 2003). When hydrophobic peptides and/or hydrophobic 
aI111110 acids are predominant, a bitter taste and oft-flavors are typically 
perceived (Aristoy & Toldra, 1 995 ). 
Although not a mechanism of formation of flavor compounds, spices 
constitute a source of man\ volatile compounds that will impart a specific 
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characteristic to the meat product. In this sense, the spices and condiments 
added in the manufacture of meat products contribute to a particular flavor, 
depending on local traditions. In fact, there are many specific flavors due to 
the high number of available aromatic plants such as pepper, paprika, mustard, 
nutmeg, cloves, oregano, rosemary, thyme. garlic, onion, and so on. These 
compounds have a high impact on the aroma of fermented products (Ordonez 
et al., 1999). For instance, the high content of terpene hydrocarbons or sulfur 
compounds found in the headspace of dry fermented sausages, comes from 
pepper or garlic, respectively. 
The practice of smoking of meat and meat products produces a drying 
effect, imparts desirable flavor and color of the meat and protects the meat 
product from rancidity and spoilage (Ellis, 2001). Nowadays, meat smoking 
consist on the addition of vaporous or liquid smoke to meat or meat products 
(Fessmann, 1995). The major contribution of liquid smoke to the headspace of 
meat products are phenols, cyclopentenones and furans (Guillen et al., I995). 
Phenol and methoxvphenol derivatives are originated mainly from the 
pyrolysis of lignin which accounts for 25% of the composition of wood. 
Cyclopcntanones are produced from dicarhoxylic acids by decarhoxylation 
and ring formation, while furans probably come from the degradation of 
glucose, a thermal degradation product of cellulose (Toth & Potthast, I984). 
Ahmad et al. (2005) conducted research work on effect of' curing, 
antioxidant treatment and smoking of buffalo meat on p1I, total plate count, 
sensory characteristics, and shelf life during refrigerated storage. They 
reported that treatment of curing, antioxidants (Sod iurn ascorbate, S A ), and 
smoking, both alone or in combination, significantly (p<0.05) increased pH 
and reduced TPC of control meat sample. The combined treatments of caring 
smoking and curing ± SA — smoking, were significantly ( p <0.05) different 
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from the single treatments of curing and smoking (least significant difference, 
LSD. was found to be less than the difference of log T P C / g values of these 
treatments). Sensor\ characteristics, like color and texture, were also 
significantl, inlpro\ ed by single as vell as combined treatments of curing, 
antioxidants, and smoking. 1-lowever, these treatments did not significantly 
( p <0.05) affect aroma of the controlled meat sample. Storage study ( at 
refrigeration temperature, 0`' C) revealed that the combined treatment of curing 
+ SA + smoking was found to be significantly ( p <0.05) different and most 
effective in increasing the shelf life of the controlled meat sample. The shelf 
lives of meat samples were exactly determined by T P C value and sensory 
characteristics (total plate Count in the order of 10 , slimy texture, and 
undesirable aroma described the beginning of spoilage) . The shelf life of 
control, cured, curing + S A. smoked, cured + smoked, and cured + SA + 
smoked were found to he 20.  30. 3 5, 25,  30, and 50 days respectively. 
2.5.2. Textural properties of fermented sausages 
Three senses "touch, sight and tearing" may be involved in sensory 
assessment of texture, but in the majority of cases the sense of touch plays the 
most important role (Breennan, 1984) the 'in-mouth' texture is the parameter 
that is normally measured when evaluating dried sausage texture by sensory 
mean, either by descriptive analysis or by hedonic methods. Qualification has 
mostly been accomplished by a point scale or a continuous line scale (Stahnke 
et al., 2002; Bruna et al., 2001 Garcia et al., 2001: I-lagen et al., 2000; 
Mendozae et al., 2001; Patarat et al., 1997; Diaz et al., 1997). 'l'ypical texture 
attributes used for fermented sausage in descriptive analysis are: hardness, 
fattiness, juiciness, stickiness, tenderness, and granularity. More than a dozen 
mechanical devices have been developed to measure tenderness and texture of 
meat, usually based on one of the following principles shearing, penetrating, 
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biting, mincing or compressing actions. 
Hu et al. (2007) reported that Silver carp sausages with mixed starters 
had the highest hardness, gumminess, springiness, resilience, and chewiness 
(P<0.05) compared with the control and those before fermentation. But no 
significant differences were observed among all the samples with starters 
(P<0.05). Springiness and chewiness reelect the development of internal 
bonding in the gel network of muscle protein (Parskevopoulou & 
Kiosseoyglou, 1997). The hardness of sausage is a measure of the degree of 
maturation, resulting from the denaturation and gelation of meat proteins, and 
the loss of water (Gimeno et al., 2001). Rongrong et al. (1998) reported that 
hardness, springiness and cohesiveness are primary mechanical parameters 
that can be used to characterize the texture properties of sausage. The results 
indicated that inoculation with mixed starter seemed to increase the rigidity of 
silver carp sausage. It was most likely that an acid-induced gelation of these 
proteins was mainly responsible for the formation of the silver carp sausage 
texture. A high amount of acidity in sausages treated with starters could 
denature the myofibrillar protein following rapid drying, which led to an 
increase in the hardness of the sausages. 
Spaziani et al. (2009) conducted studies on changes of physicochemical, 
microbial, and textural properties during ripening of Italian low acid sausages. 
Sausage mixture was divided into three hatches, the first one, hatch B; in the 
second, batch Z, glucose (5 r/kg) was added; and the third mixture, batch A, 
contained two antibiotics and one antimycotic. They observed that in type B 
sausages the variations in p1-1 were insignificant and the hardness slightly 
increased as a„ decreased. The greater hardness of drier samples is due in part 
to the fact that during the drying of meat products shrinkage is proportional to 
the ,%rater loss. The addition of sugar to the sausage formulation (Z sausages), 
caused the pH to drop to about 5.1, and gave slightly higher (p<0.05) values 
for hardness. As expected the values recorded in the texture analysis were 
different from those round in harder sausages (Bruna et at., 2001: Gonzalez-
Fernandez et al., 2006), Generally, the major changes in fermented sausage 
structure take place during fermentation when the pH declines and the 
myofibrillar proteins aggregate to form a gel. After fermentation, drying is a 
major factor affecting binding and Theological properties (Gonzalez-
Fernandez et al., 2006). The addition of sugar to chorizo formulation, with pH 
falling below the isoclectric point of the myofibrillar proteins, gave higher 
values for hardness and chewiness ((ionzalez Fernandez et al., 2006). On the 
other hand, surface inoculation with moulds, resulting in higher pH. caused a 
significant decrease in hardness and related parameters (Bruno et at., 2001). 
Softness may be considered a positive attribute in some sausage varieties 
chorizo (_Vlelcndo et al., 1996). while in others ehorizade Pamplona a soft 
texture is considered a defect (Gimeno et al., 1999). 
Cohesiveness values were similar irrespective of processing time and 
the addition of sugar. The low-acid sausages were less cohesive than sausages 
examined by other authors (Bruna et al., 2001; Gonzalez-Fernandez et al., 
2006). Cohesiveness, which represents the strength of the internal bonds 
making up the body of the sample (Ruiz de Huidobro et al., 2005), has been 
found to be negatively correlated with pH at values below 5.0 (Gimeno et al., 
2000), but low cohesiveness has been reported at intermediate acidity values 
(5.1) (Herrero et al., 2007). Values of pli over (13 sausages) or close (Z 
sausages) to the isoelectric point of proteins could explain the lack of 
variability in cohesiveness, even in the sausages containing sugar. 
Adhesiveness values remained fairly constant up to 42 days and then 
decreased significantly (p<0.05) by the end of the ripening period, irrespective 
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of the sausage type. 
Hoseney and Smewing (1999) recognized that in most food systems, the 
adhesion force is a combination of an adhesive force and a cohesive force. A 
food material is perceived as being sticky when the adhesive force is high and 
the cohesive force is low (Hoseney & Smewing, 1999). Adhesiveness may be 
considered a negative character for some meat products (Fiszman & Damasio, 
2000). In that it can affect their sliceability (Bozkurt & Bayram, 2006). 
Sausage dry matter and pH have been found to play a significant role in 
adhesiveness (Herrero ct al., 2007). 
2.5.3. Physicochemical properties of fermented sausages 
2.5.3.1- P11 
Generally, meat from freshly killed animals has an average pH of 6.8, 
which falls rapidly to 5.4- 5.6 (ultimate pH) in duration of 48 hours post-
mortem. Depending on the storage conditions, status of meat chilling and the 
degree of bacterial contamination, the pH may remain constant for a while or 
begin to rise gradually due to autolysis and the growth of bacteria. When meat 
reaches a pH of 6.4, decomposition may set in and at 6.8 and above, the signs 
of decomposition viz., changes in color, odor and texture may become 
apparent. The level of pH attained may depend on several factors, such as kind 
of animal, level olnutrition. physiological status before death, degree of stress 
prior to slaughter, amount of muscle glycogen, heredity, type of muscle and 
temperature during the post-mortem glycolysis (Ahmad, 2005). 
Growth and metabolism of LAB result in a fast drop of pH during the 
first days of sausage fermentation, followed by a slight increase during the 
ripening period. Lactic and acetic acids are the major fermentation products, 
and the molar ratio of lactate to acetate ranges between 7 and 20 (Krockel, 
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1995; Demeyer et al., 2000). The product pH depends on the buffering 
capacity of the meat, the metabolic activities of the fermentation rnicroflora, 
and the addition of fermentable carbohydrates. In Northern Europe and U.S. 
summer sausage, the pH typically ranges from 4.6 to 5.2, corresponding to a 
content of 200 m mot lactate/kg dry weight. In Mediterranean-type products 
involving longer ripening periods of up to several months, the final pH 
typically ranges from 5.4 to 5.8. In mold- ripened products, the sausage pH 
may increase to levels close to 6.0 due to lactate consumption and the 
formation of ammonium. The dry matter content of fermented sausages ranges 
from 50% to 75% or snore, corresponding to water activity (a,) values ranging 
from 0.86 to 0.92 upon ripening. 
2.5.3.2. Fat content 
Fat is one of the major food constituents which influence the 
organoleptical characteristics of meat products. Fat and oils play vital 
functional roles in various food products. Fats interact with other ingredients 
to develop texture, mouth feel and assist in the overall sensation of lubricity of 
foods (Giese, 1996). For the production of fermented sausages, the fat must 
have a high melting point, and accordingly a law content of unsaturated fatty 
acids. Use of soft fatty tissue not only caused color and Flavor defects, but also 
reduced the shelf life of dry sausages. Pork back fat is very widely used, since 
this has a tow content of the poly-unsaturated linoleic and linolenic acids 
(8.5% and I.0% of total fatty acids, respectively), which are highly prone to 
autoxidation. The fat content of fermented sausages typically ranges from 
40% to 60% of dry matter. During fermentation, long-chain fatty acids are 
released from triglycerides and phospholipids. Typically, an increase in the 
levels of free fatty acids up to approximately 5% of the total fatty acids has 
been found (Dainty & Blom, 1995). The fatty acid composition of fat varies 
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considerably depending on the previous feeding regime of the animal. The 
specific release of polyunsaturated fatty acids is higher than that of 
monounsaturated or saturated fatty acids. This may reflect a preference of 
microbial and meat endogenous enzymes for the sn, position of the 
tryglyceride most frequently occupied by unsaturated tatty acids, or a 
preference for the polar lipid fraction (Dainty & Blom, 1995; Ordonez et al., 
1999). 
2.5.3.3. Protein content 
Meat proteins are of three types: the first, Sacroplasmic proteins which 
are often referred to as water soluble protein. The second, Myofibrillar protein 
which also known as contractile proteins by virtue of the key role they play in 
muscle contraction and loco motion in the living animals. And the third type is 
connective tissue protein which functions as a supporting framework for the 
dividing body and thus serve in numerous and variable function. The nutrient 
content of fermented sausages is generally higher compared to other products 
obviously due to a concentration effect of consistent and controlled moisture 
loss during drying. Except for the loss of moisture there is practically no loss 
of nutrients in fermented sausages, since this natural preservation system also 
preclude alternative means of preservation such as extreme heat or chemicals 
that might reduce nutritive value and content. 
2.5.3.4. IRA number 
Tarladgis et al. (1960) reported that threshold range of TBA numbers 
for detecting off odour in pork were approximately 0.5-1.0. There is 
correlation between sensory attribute flavour and TBA number of meat and 
meat products. Greene and Cumuze (1991) investigated the relation between 
TBA numbers and assessed oxidized flavour in cooked beef. They reported on 
the basis of panelists evaluation that the range or rl3n number for which these 
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panelist as a group first detected a difference in intensity of oxidized flavour 
was 0.6 - 2.0, This range was considered by Greene and Cumuze (1981) to be 
close to that (0.5-1.0) for rancid odour detection, It can be concluded that TBA 
test can be used to follow oxidation in muscles foods, although the test should 
be accompanied frequently by corresponding evaluation with trained sensory 
panel in studies of WOP in meat (Igene et al., 1979, 1985). 
Ahmad and Srivastava (2007) conducted studies on quality and shelf 
life of fermented sausages of buffalo meat incorporated with (0%, 15%, and 
20%) of heart and two levels of fat 20No and 25% respectively. They reported 
that the pH of the six samples at the end of preparation was in the range of 
5.15-5.28, and moisture content was in the range of 42.6% to 47.4%- The 
values of TBA number were not significantly (p< 0.05) affected by heart 
incorporation, but the increasing of fat level significantly (p< 0,05) increased 
TBA numbers. This indicated that, the greater the fat content, more the 
samples were prone towards tat oxidation. 
Maurva et at. (2010) conducted research work on the effect of starter 
culture and turmeric on physicochemical quality of carabecf pastirma. Stancr 
cultures (Micrococcus varians M483 (MV), Staphylococcus carnosus (SC), 
Laclobdei1his sukei (LS). M. varians M483+ Lb. sakei and Staph. carnosus i 
Lb. sakei) were inoculated at the dose of 106—O7cfu/g and stored at 10 = t° C 
for 7 days. Uninoculated samples were maintained as control. Samples were 
then divided into two treatment groups. Samples of treatment l(T1 ) were 
smeared with a paste of turmeric followed by application of a thick layer of 
the paste of garlic, cumin, black pepper and red pepper whereas, samples of 
treatment 2(T,) were applied with a thick layer of spices as above without 
turmeric. With the gradual fall in pH there was a reduction in water-holding 
capacity (WHC) of samples. The WI IC of samples treated with Staph. 
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crn•mosus 	Lh. sakes (SC+LS) of 'I' , reduced to 6.3 t 0.03 cm2 and those 
inoculated with M. vuricins M483+ Lb. sake (MV+LS) of T2 to 6.2 t 0.03 
cm2. The extract release volume (FRV) increased in all samples during 
storage. the least extract release volume (FI(V) of 11.7 and 11.6 ml were 
recorded in samples inoculated with MV of T, and T, respectively. The 
tyrosine value (TV) and thiobarbituric acid (TBA) number of turmeric treated 
samples were significantly lower than non turmeric treated samples. The 
samples inoculated with Lucrobucilluus sukei (LS) had the least tyrosine value 
of 30.9 mg tyrosine/100 g of meat and "I'BA number of 0.06 mg 
manoladehyydeikg of meat. Samples inoculated with MV and LS of both T, 
and T, were better in physico-chemical qualities. 
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CHAPTER-3 ~.r1C r r21 I.1P1`i 
MATERIALS AND METHODS 
Experimental work was carried out to study the effect of different 
cultures of lactic acid bacteria (LAB) fermentation on quality and shelf life of 
semi dry fermented sausages of buffalo meat during refrigerated storage (2° 
C). The quality of sausages developed was evaluated on the basis of physico-
chemical characteristics (pH, moisture content, protein content, fat content, 
moisture protein ratio MPR, ash content and '113A number), microbiological 
characteristics (total plate count, yeast and mold count, coliform count and 
salmonella shigella count), sensory characteristics (colour, flavor, texture, 
taste and juiciness) and instrumental texture characteristics namely hardness, 
cohesiveness, springiness, adhesiveness, gumminess and chewiness. This 
chapter presents the details of materials and methods used in present 
investigation. 
2.1 Buffalo meat 
Meat samples collected from the local meat shop in the study were from 
buffaloes slaughtered according to traditional halal method at slaughter house 
of municipal corporation, Aligarh. The animals were kept in lairage for a 
period of 18-20 hours. Meat samples from round portion (biceps fermoris 
muscle) of 2.5, 3 and 3.5 years aged female carcasses of good finish were 
obtained from meat shop within 4 hr. of slaughter. fhe meat chunks were 
packed in combination film packaging and brought to the laboratory with in 
20 min. buffalo fat were also packed in combination film packaging and 
brought to the laboratory. Other non-meat ingredients like spices, salt, 
condiments and combination film were procured from the local market. This 
fibrous casing (35 mm dia.) was procured from PRS technologies, India. The 
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meat and fat were kept inside ultra low temperature cabinet (Yarco, India) at 
2°C. 
3.2 Preparation of spices and condiments 
The formulation of spices mix in powder form was kept in the 
following ratio: 
Spices ingredients 	 % in the mix 
Black pepper 	 10 
Red chilli 	 15 
Cardamom 5 
Cinnamon 5 
Cloves 3 
Cumin seed 20 
Turtneric 10 
Coriander 17 
Mace 10 
Garlic (20%), ginger (20%) and onion (60%) paste was prepared by 
first peeling of external covering and weighed in equal quantity. '[hey were 
cut into small pieces and ground in a laboratory grinder (Braun co, India) in to 
a tine paste. 
3.3 Preparation of fermented sausage 
Fermented sausages were prepared from comminuted mixture of meat, 
fat salt spices and sugar using bacterial culture there allowed to undergo 
fermentation under strict conditions of temperature and humidity. Two 
different lots of semi dry fermented sausages were conducted containing two 
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levels of fat 20% and 25%. The composition of fermented sausages was kept 
as below: 
Formulation" 
Lean meat and trims 2.0kg 
Fat 400g 
Mix spices 24g 
Chilli powder 12g 
Condiments 40g 
Salt 50g 
Sugar 20g 
Dextrose 10g 
Sodium ascorbate 1000mg 
Mono sodium glutamate 2.Og 
lee 150g 
Culture l 0ml 
Casing 35mm dia. 
* Formulation is based on the 20% fat. 
The buffalo meat and fat were ground on a grinder (PRS Technologies. 
India). Then buffalo meat was first chopped and then fat and other non-meat 
ingredients were added, salt was added at very end of chopping. Bowel cutter 
(PRS Technologies, India) was used for chopping of meat and other 
ingredients. Spices, condiment and mono sodium glutamate (NISG) were 
added to contribute flavor in semi dry sausages. Will-mixed mass was further 
added with different combined culture mid finally placed in a shallow pan and 
held at 150 C. 85% relative humidity to complete fermentation. The 
completion of fermentation was indicated by drop in pH of the mixture. 
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After the completion of fermentation the mixture was stuffed into the 
casing by using the sausage filler machine. Stuffing into fibrous casing (35mm 
dia.) was done firmly and carefully to exclude the air inside the casing, which 
might discolor the meat mix and reduce the shelf life of the sausages. Semi 
dry fermented sausages then were smoked at temperature 40-60° C for 4 hours 
to improve flavor and to inhibit bacterial development. 
The smoked sausages were dried at 20° C and relative humidity 70%. 
The drying was done at optimum speed, precautions were taken to ensure that 
sausages neither dried too fast nor retained surface moisture and become 
sticky. At the end, sausages samples were packed in combination film under 
atmosphere packaging and stored at refrigerated temperature of 2° C for 
further study. 
Table 3.1 Work plan and parameters of study 
Szusagcs 
ingredients 
Types of 
sausages 
Different combined cultures 
lhermo- Level 	Smoking 
of fat 	conditions 	
hygrometric 
conditions 
Storage 
tenp. 
Casing 
packagi 
buffalo meat. fal, Semidry (I) Lactobacillus brevis + Smoking Fermentation 2'C In librou~ 
spices, condiment. fermented Laclubacillus planturum 20% tens p. temp. and casing 3f 
sugar. salt, - sausages (2)Lactobacillus brevis — animal 40-60° C humidity. mm dia, 
dextrose, SA, Lactococcus lactis ssp. fat for 4 h. 15° C and RH Packed 
MSG, ice & (3) Lactobacillus plantarum + 25% 851 . combina 
culture: Lactococcus lactis ssp. animal Drying film 
(1) Lactobacillus (4) Lactobacillus breis fat conditions. 
brevis Streptomyces griseus ssp. 20 C and RH 
(2) Lactobacillus (5) lactobacillus plantarum + 70%. 
plantaruin Streptumyces griscus ssp. 
(3) Lactococcus (6) Lactococcus lactis ssp. + 
lactis ssp. Streptomyces griseus ssp_ 
(4) Streptonryces 
griseus ssp. 
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Table 3.2 Studies of properties of sausages 
	
Sausage 	Physico-chemical 	Microbial 
Product 	characteristics 	characteristics 
S
emi-dry 	I) pH 	 1)Total 	Plate 
fermented Count 
sausage 	2)Moisture content 
3) Protein content 
4)Moisture Protein 
Ratio (MPR) 
5) Fat content 
6)TBA number 
7) Ash content 
3.4 Evaluation of properties 
Samples of raw buffalo meat were analyzed for moisture, protein, fat, 
ash contents and pH (AOAC, 1990). Initial total plate count and yeast and 
mold counts of these samples were also assessed (APHA, 1992). The quality 
characteristics of fermented sausages were evaluated at constant intervals of 
days during refrigerated storage (at 2° C). Fermented sausages were shelf 
stable products and therefore could be safely kept under refrigerated condition 
for several weeks. 
3.4.1 Evaluation of physico- chemical properties 
3.4.1.1 Estimation of moisture 
Moisture content of sausages samples were evaluated as given in Food 
Industry Manual (Ranken & Kill, 1993). 10 g of sausages was weighed into a 
flat-bottom, dried petridishes. These dishes and its content were placed in hot 
air oven (Yorco, India) thcrmo statistically controlled at 150 ± 5° C for 4 hours 
and taken out and further heated until successive weighing showed no further 
2)Ycas( & Mold 
Count 3)Texture 
3)Coliforrn count 4) Taste 
4)Sal monella 5)luici ncss 
sliigella count 
sensory 
characteristics 
I) Colour 
2) flavor 
characteristics 
Texture 	profile 
analysis (TPA) 
I) Hardness 
2) Cohesineness 
3) Springiness 
4) Adhesiveness 
5)Gumminess 
__j)Chewiness 
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loss. At the end, the dishes were removed from the oven and placed in a 
desiccators allowed to cool and weighed. Following formula was used for the 
estimation of moisture content of sausage samples. 
Loss in weight 
Moisture content, (%) = x 100 Initial weight 
3.4.1.2 Estimation of ash 
Dried sample was weighed and ignited at the temperature 650° C for 6 
hours in the crucible furnace (Yorco, India). It was then taken out and allowed 
to cool for a moment and placed in desiccators until cooled and finally 
weighed to a constant weighed. 
Final weight of ash 
Ash content, (%) = x 100 
Initial weight of sample 
3.4.1.3 Protein estimation 
Protein was analytically estimated by determining the amount of total 
nitrogen in the sample. 
Amount of protein in the sample ° total nitrogen x 6.25 
Reagents 
1) Sulphuric acid, 98% pure 
2) 0.1 N Hydrochloric acid 
3) 2% Boric acid solution 
4) 40% Sodium hydroxide. 
5) Catalyst mixture (2.5 g Selenium oxide + 110 g Potassium sulphate and 20 
g copper sulphate) 
6) Mixed indicator (Bromo cresol green 0.1 % i Methyl red 0.1% 
2 g of finely minced fermented sausage was transferred in to digestion 
tubes and 2 g of catalyst mixture was also added. Then 25 ml concentrated 
sulphuric acid was poured in to the mixture and kept for digesting in DK6 
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heating digester (VELP Scientifica, Europe) for 3 hours. At the end, the 
mixture becomes colorless. 
After cooling the tubes were transferred to semi automatic distillation 
unit UDK 132 (YELP Scienti[ica, Europe). The Ammonia liberated from the 
reaction mixture was absorbed in 20 nil of 2% boric acid solution. Distillation 
was continued for five minutes. This solution was titrated against 0.1N HCI 
using mixed indicator. The blank was run in the second test of experiment and 
the titration was done in a similar way. 
Calculation 
_ (Sample—Batnk)xN ofHCIXI4X100 
weight of sample x 1000 
3.4.1.4 Fat estimation 
(a) Apparatus: Soxhlet apparatus 
(b) Solvent: Petroleum ether as extraction medium 
Method 
10 g of minced sausage was taken and a thimble was made with the 
help of porous paper. The thimble was placed in the extracting tube and this 
tube was connected with the weighted flask and also the condenser. 
The heat vaporized the volatile solvent, which passed up the side arm 
and was condensed in the condenser. The condensed solvent fell drop by drop 
onto the thimble. When sufficient amount of solvent had thus been transferred 
to the extracting tube to fill the siphon arm, it siphoned back over in to the 
weighed flask. This process was continued for 20 hours until the extraction 
was completed. Then the bottom flask was removed, the volatile solvent was 
evaporated and fat extracted was obtained as residue. The following formula 
was used to express fat content of sample. 
M 
tvt. of residue left after evaboration of solvent 
Fat content (%) = 	 x 100 wt. of sample 
3.4.1.5 pH Measurement 
the pH of the finally minced samples were determined after 
homogenizing 10g of the sample with 100 ml distilled water using laboratory 
grinder (Yarco, India). The pH of suspension was recorded using reference 
and glass electrode portable type Digital pH meter model PH1500 (Eutech, 
Singapore). 
34.1.6 Estimation of thiobarbituric acid (TIM) number 
Reagents 
1) Tricarboxylic acid reagent (TCA) 20%. 
2) Tricarboxylic acid reagent (TCA) 10%. 
3) Acetic acid, 90%. 
4) TBA reagent. 
Method 
Thiobarbituric acid LEA reagent was prepared by dissolving 0.2883 g 
of Thiobarbituric acid in sufficient quantity of 90% acetic acid and by slight 
warming, the volume being made up 100 ml with 90% acetic acid. 
20 g of meat sample were blended in a blender with 50 ml of cold 20% 
tricarboxylic acid (TCA) for 2 min. The blended contents were rinsed with 50 
ml of distilled water, mixed together and filtered through filter paper and the 
interstate was collected in a 100 ml capacity-measuring cylinder. The filtrate, 
termed the TCA extract was used in the estimation of thiobarbituric acid 
(TBA) number. 
TBA number was measured by the method described by Strange et al., 
(1975). Five ml of TCA extract was mixed with 5w1 of IBA reagent in test 
tube. The test tube was kept in a water bath at 100° C for 30 min along with 
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another test tube containing a blank of 10% TCA and 5 ml of TBA reagent. 
After cooling the tubes in running water about 10 train, the absorbance was 
measured at 530 nm in a spectrophotometer (Digital spectrophotometer Model 
316E, India) and reported as TBA number. 
3.4.2 Evaluation of microbiological characteristics 
All the samples were evaluated for direct plate count using serial 
dilution spread plate technique with nutrient agar medium for total plate count, 
potato dextrose agar for yeast and mold count, MacConkey agar for coliform 
count and S.S. agar for salmonella shigella count (APHA, 1992). 
Microbiological characteristics of sausage samples were evaluated in fresh 
conditions and during refrigerated storage (2° C) after constant intervals. For 
determination of total plate count, yeast and mold count, coliform count and 
Salmonella shigella count, the samples were taken with sterile knife, 
comminuted to fine particles in a tissue homogenizer (Yarco, India) and then 
transferred to a test tube containing 9 ml of normal saline solutions. The 
samples were homogenized in the cyclomixer (mode CM-101, India). Serial 
dilutions were made by transferring 1 ml of the extract from each dilution and 
finally the samples were inoculated in the petridishes containing the solid 
medium. The colonies were counted after 24-48 hr incubation in BUD 
incubator (York Scientific, India). 
Number of colonies 
TPC(cfu/g) = 
Amount used for inoculation x dilation factor 
3.4.3 Evaluation of sensory characteristics 
Sensory attributes such as colour, flavor, texture, taste, and juiciness of 
the fermented sausages samples were evaluated as recommended by Ranganna 
(1994) by Iledonic rating test. A trained panel consisting of 10 expert judges 
was selected to evaluate the samples through properly planned experiments. 
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The panelists were selected from the stuff and students of Department of Post 
Harvest Engg. & Teclmology, Faculty of Agricultural Sciences, Aligarh 
Muslim University (AMU), Aligarh. 
Samples were served to the panelists and they were asked to rate the 
acceptability of the product through sense of organs. Different attributes viz. 
colour, flavor, texture, taste, mouth feel and juiciness of the fermented 
sausages were rated on the basis of 9 points of the hedonic scale ranging from 
1 (extremely dislike) to 9 (extremely like). A test Performa was also made and 
supplied to the panelists at the time of evaluation. It is given here, 9= like 
extremely, 8= like very much. 7= like moderately, 6= like slightly, 5= neither 
like nor dislike, 4= Dislike slightly, 3= Dislike moderately, 2= Dislike very 
much, 1= Dislike extremely. 
3.4.4 Instrumental texture analysis 
Texture analysis of fermented sausages was conducted by TAHD type 
texture analyzer (SMS, England). The instrument is versatile and different 
textural properties of food can be measured using various probes available for 
the attachment to the instrument. The probe compression platen (1)0 mm) was 
used for TPA test and it was performed by two-bite compression. The pre test 
speed was kept 1.00 minis and test speed 2.00 mm/s while the post-test speed 
was kept as 5.00 mm/s. The test was conducted on 10% strain with an auto 
trigger force of 5 gram. The load cell of the test was 5 kg. The compression 
platen (100 mm) was attached to the crosshead of texture analyzer and the 
sample was placed on platform. After making TA setting, the test was run and 
graph was created. I he 'IPA parameters were obtained from Texture expert 
exceed software V. 2.64 attached to the Texture Analyzer (Stable Micro 
Systems). 
m 
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Wait 2nd Compression 	2nd withdrawal . . 	« 	.. . 
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Fig 3.1 Texture Profile analysis calculations for texture expert software 
1  
Springiness= Length 2 Lin<nh 1 
N At! 	 Chewiness= Gumminess ' Sptinguuess 
Gumminess= PA? PA1 ' h 
The texture properties were determined from force—time curves as 
described by Bourne (1978): 
I) Hardness (h): Maximum force required to compress the sample (g). The 
hardness value is the peak force of the first compression of the product. The 
hardness need not occur at the point of deepest compression, although it 
typically does for most products. 
?) Cohesiveness (PA2/PAI) is how well the product withstands a second 
deformation relative to how it behaved under the first deformation. It is 
measured as the area of work during the second compression divided by the 
area of work during the first compression. 
3) Springiness (length?/length I ): Height to which the food recovers between 
end of the first bite and start of the second bite (mm). The springiness is 
measured at the down stroke of the second compression. 
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4) Adhesiveness (NA1) is defined as the negative force area for the first bite, 
representing the work required to pull the plunger away from the food sample 
(g.$). 
5) Chewiness (g.mm) is defined as work of imitating the taster to masticate the 
samples for swallowing. It is the product of gumminess and springiness. 
6) Gumminess (g) is defined as the product of hardness and cohesiveness (hl 
x PA2/PA 1). 
3.5 Statistical analysis 
Data obtained from experimental observation (n=5), were subjected to 
analysis of variance (Two ways ANOVA). All statistical analyses were 
performed using SPSS Version 10.0 for Windows (SPSS Inc., Chicago, IL, 
USA) as described by field (2005). 
Fit 3.2 Semi dry tormented sausages 
Jr  
41 
Fig 3.3 Texture analyzer 
.N1 	 r 
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CHAPTER-4 
RESULT AND DISCUSSION 
The present work was carried out to study the effect of different cultures 
of Lactic Acid Bacteria (LAB) fermentation on quality and shelf life of semi 
dry fermented sausages of buffalo meal during refrigerated storage (2° C). 
Four different species of lactic acid bacteria had been used as a starter cultures 
in six different combinations, cultures including mixture of Lactobacillus 
brevis + lactobacillus plantarurn (Si). L. brevis + Lactococcus lactis ssp. (S2), 
L. plantarran + L. lactis ssp. (S3), L. brevis + StrepLomyces griseus ssp. (S4), 
L. plantarum + S. griseus ssp. (S5) and L. lactis sip_ + S. griseus ssp. (S6). 
Semi dry fermented sausages (SDFS) were prepared using two levels of fat 
viz. 2O% and 25% respectively. 
The quality of sausages developed was established on the basis or 
physic-chemical characteristics (pH, moisture content, thiobarbituric acid 
(TBA) number, protein content, moisture protein ratio MPR, fat content and 
ash content), microbiological characteristics (total plate count, yeast and mold 
count, coliform count, and Salmonella shigella count), sensory characteristics 
(color, flavor, texture, taste, and juiciness) and instrumental texture 
characteristics (hardness, cohesiveness, springiness, adhesiveness, chewiness, 
and gumminess). For evaluation of shelf life of the semi dry fermented 
sausages during refrigerated storage (2° C), these quality-measuring charact-
eristics were evaluated after a constant intervals of I5 days for four months. 
The criteria of shelf life and finally spoilage condition were defined on the 
basis of microbiological characteristics, TBA number and sensory 
characteristics. The results and discussions related to raw meat characteristics 
and quality evaluation of developed semi dry fermented sausages, both in 
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fresh and preserved conditions have been presented in this chapter under 
appropriate sub sections. 
4.1 Analysis of raw buffalo meat 
The proximate composition of raw buffalo meat obtained after chemical 
analysis has been presented in Table 4.1. The raw buffalo meat had 74.5% 
moisture content, 6.3% fat, 18.1% protein, and 1.2% ash content. 
Carbohydrate was absent in lean meat. The pH value of raw buffalo meat was 
5.72 and log TPC/g value was 3.08 while yeast and niold, coliform bacteria 
and Salmonella shigella were absent in the lean meat. 
Table4.1: Analysis of buffalo meat as raw material for semi dry 
fermented sausages 
Constituents* 	 Raw buffalo meat 
Moisture content, % 74.5±0.12 
Ash content, °io 1.1=0.020 
Protein content, °iu 18.1±0.035 
Fat content, % 6.3±0.042 
Carbohydrate, % - 
pH 5.72±0.005 
Total plate count (log ITC/g) 3.0810.15 
Yeast and mold count ND** 
Coliform count ND 
Salmonella shigella count ND 
' Values are means of tive replicates± SD 
•* ND; Not detected 
4.2 Development of semi dry fermented sausages and effects of different 
starter cultures on different quality characteristics at two levels of fat (20 
& 25%) respectively 
mu 
4.2.1 Effect of different starter cultures on pH of SDFS during 
fermentation and drying (Ageing) 
4.2.1.1 During fermentation 
a) At 20% fat 
During 60 hour fermentation at 15° C, the pHof samples decreased 
from initial pH of around 6.2 to final pH of 4.9-5.3. Table 4.2 presents the 
results of pH of buffalo meat semi dry fermented sausages during 
fermentation under different starter cultures. The results of pH evaluation 
during fermentation also have been demonstrated in Figure 4.1. The reduction 
in pH was due to formation of lactic acid by the different cultures of lactic 
acid bacteria (LAB) using carbohydrates (dextrose & sucrose) added in the 
meat mixture. Different cultures of LAB fermentation significantly (p<0.05) 
affected the pH of the meat mixture during fermentation process. The duration 
of fermentation and its interaction with different cultures also significantly 
(p<0.05) decreased the pN ofthe mixture. 
b) At 25% fat 
The pH of all sausage mixes decreased (p<0.05) in the fermentation 
periods from an initial pH of approximately 6.3 to pH 5.13-5.4 at the end of 
60 h (Table 4.3, Figure 4.3). Different cultures of LAB fermentation 
significantly (p<0.05) affected the pH of the meat mixture during fermentation 
process. The duration of fermentation and its interaction with different 
cultures also significantly (p<0.05) decreased the pH of the mixture. 
Increasing the percentage of fat increased the value of pH of the meat 
mixture in both before and after fermentation. The increase in pH, due to 
increasing levels of fat might be due to the fact that fat lipids are neutral and 
therefore increasing level of fat caused reduction in hydrogen ion 
concentration (Ahmad, 2005; Liaquati & Srivastava, 2010). 
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Olivares et al. (2010) reported that the fat reduction in slow fermented 
sausages produced an increase in the pH decline during the first stage of the 
process that was favoured by the higher water content of the low fat sausages. 
A similar trend was reported for slow dry fermented sausages (Marco et al., 
2008; Oiivares, et al., 2009). 
Figures (4.2 and 4.4) represent the linear regression of pH during 
fermentation time. The equation of regression line and correlation coefficients 
are shown on the regression graph. The negative sign in the coefficients of x 
explains that there was constant decrease of pH during fermentation time. The 
correlation coefficients values explain the correlation between the pH and 
fermentation time. The decrease nature of pH with fermentation time was in 
fact perfect at R2 =1. The values of R2 for all samples at two different levels of 
fat were in between 0.9321-0.9962 (Figure 4.2 & 4.4), which shows 
correlations are almost perfect and the graph may be approximated to a 
straight line. 
Table 4.2: Evaluation of ptt of semi dried fermented sausages incorporated 
with 20% fat during fermentation process at 15°C - 
Sample 	 Fermentation time ( hours) 
code 0 	t2 	24 	36 	48 	60 
SIFT 	6.157, 	6.080+ 	5.740± 
	5.448± 	5.3801 5.114= 
0.016a 0.049 0.141 0.030 0.008 	0.008d 
S-F 	6.223± 
	6.1 	61)59± 	5.575± 	5.443± 	5.302+ 
0.0096 0.009 0.020 0.010 0M09 0.007e 
S3FI 	
6.297± 	6.087± 	5.842± 	5.635± 	5.120± 	4.961± 
0.021c 0.005 0.004 0.004 0.006 2008f 
S4F 	
6.199+ 	5.989+ 	5.676+ 	5.415+ 	5.097- 	4.902+ 
0.010ab 	0.007 0.005 0.004 0.002 0.005g 
SSI 	
6.289± 6.024± 	5.6621 	5.576± 	5.416+ 	5.209+ 
F 
0.007c 	0.012 0.031 0.006 0.002 0.010h 
S6FI 	
62991 5.992= 	5.657+ 	5.573+ 	5.444± 	5.325+ 
09ogc 	0.012 0023 	0.011 0.006 	0.017e 
Values are means of five replicates +SD; Means with different letters difter significantly (pc0.05) 
SI =l.aeuthaei!ha hrevjs t Lactabadil7us pl<1ntanm , S2-L. brevrav + Luelucoccus lactis sip. S3= L 
planturum + L. !ue[is .csp. S4= L. hrevis +.4treptomyees geiseu.s ysp. 55= L platetarum + 3 griseus 
ssp. S6-L. luctis ssp. + S. grisezes ssp 
F I = 20% fat level. 
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Figure 4.1: Evaluation of pH of semi dried fermented sausages incorporated 
with 20% fat during fermentation process at 15" C 
Figure 4.2: Regression analysis of pH of semi dried fermented sausages 
incorporated with 20% fat during fermentation process at 15°  C 
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Table 4.3: Evaluation of pH of semi dried fermented sausages incorporated 
wttn gY ro iat uurinu ierrnentauurn urutes5 dt i D t, 
Sample Fermentation time( hours) 
code 0 12 24 36 48 60 
6.328+ 6.202± 5.892± 5.610± 5.447± 5.160± S '1F 2 0.007a 0.004 0.004 0.009 0.006 0.008f 
6.415k 6.316± 6.129+ 5.998± 5.824+ 5.391± 
S - 0.007h 0.008 0.006 0.023 0.021 0.007g 
6.372± 6.21± 6.034± 5.864+ 5.529± 5.136± 5312 0.038c 0.004 0.007 0.011 0.009 0.007h 
6.219± 6.156± 5.873± 5.674± 5.418± 5.129± S41.2 
0.009c 0.011 0.008 0.006 0.004 0.003h 
1 6.309± 6.201± 6.158± 5.883± 5.464+ 5.215± S51 '2 0.007ad 0.006 0.004 0.013 0.049 0.012i 
6.298± 6.196+ 6.071:- 5.792± 5.641± 5.399± S6F2 0.011 d 0.006 0.012 0.019 0.013 0.007g 
Values are means of five replicates +Sl): Means with ditterent letters differ significantly (p<0.O5 ) 
S I =Luctoherillu.s hrevi.c + Laeto/ueil1us p/cnauruet. S2=L. brevis + wctdeurcue facts SSJ). S3= L. 
planffarum + L. luctis ssp. S4= L. brevis + Stre/trnmees gri.ceus ssp. S5= L. p1un[arunl - S. griscus 
ssp. S6=L. lurtis ssp. + S. griseus ssp 
F2= 2~°'o tat Ie%el. 
Figure 4.3: Evaluation of pH of semi dried fermented sausages incorporated 
with 25% fat during fermentation process at 15° C 
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Figure 4.4: Regression analysis of pH of semi dried fermented sausages 
incorporated with 25% fat during fermentation process at 15" C 
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4.2.1.2 During drying (Ageing) 
Drying and maturation of sausages is an important stage with respect to 
ensuring character and quality. The extent of drying varies considerably and is 
a major factor in determining the physico-chemical and organoleptic 
properties of the sausage, as well as its storage stability. "Ripening," a 
European term for the combined fermentation and aging period (generally 3-5 
days) conducted at lower temperatures, provides for the utilization of starter 
cultures that may not be rapid acid producers (Jessen ,1995). However, in 
ripening processes, the cultures may contribute to a unique favor development 
via their lipolytic or proteolytic activities during the longer holding period 
(Verplaetse, 1994). Tjener et al. (2004) reported major differences in volatile 
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profiles of sausages when comparing fast versus slow fermentations with a 
mixed culture of P. pentosaceus and S. xylosus. 
a) At 20% fat 
After smoking for 6 hour at 45° C, the samples had been shifted to 
drying chamber at 20° C and R1I of 70-75%. Table 4.4 presents the results of 
pH of buffalo meat semi dry fermented sausage during drying process. 
The initial pH of the smoked fermented sausage was 4.88-5.13 that 
decreased to 4.59-4.72 after drying for six days. In all samples the pH declined 
steadily during drying (Figure 4.5), registering the lowest pH of 4.59 in 
samples treated with L. planrarum + S. griseus ssp. The rate of pll fall being 
slower compared to the falling during fermentation. Different cultures of LAB 
fermentation significantly (p<0.05) affected the pH of the samples during 
drying process. The duration of drying and its interaction with different 
cultures also significantly (p<0.05) decreased the pH of the semi dry 
fermented sausage. 
b) At 25% fat 
Table 4.5 & Figure 4.7 present the results of pH of buffalo meat semi 
dry fermented sausage during drying process. The pH of all sample 
significantly (p<0.05) decreased from 4.99-5.16 to Final p11 of 4.62-4.68 in the 
6'h day of drying. PH values recorded showed that the increasing of fat level 
from 20 to 25%,o increased the pH of all samples. The analysis of variance 
(ANOVA) showed that there was significant differences (p<0.05) by using 
different cultures of LAB, but at the end of drying stage there was no 
significant difference (p<0.05) between S2F,. 33F5& S4F,, and no significant 
difference (p<0.05) between S1F, & ShF,.The interaction between time of 
drying and the type of cultures significantly (p<0.05) affected on pH values. 
These results are similar to those reported in a studies conducted by (Montcl et 
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al., 1992; Aksu & Kaya. 2001; Maurya et al., 2010) on carabeef pastirrna. 
Kahan & Kaya (2009) reported that starter culture and the ripening period had 
very significant effects (P<0.01) on the pH value of sucuk- 'these result also in 
agreement with Anderson & Marshall (1990), Borpuzari & Sorpuzari (1995) 
and Greer & Dilts (1994). These authors reported pH reductions of more than 
(1.9 in meat sprayed with 2% lactic acid. L. carnis and L. pentosus reduced p11 
more efficiently than S. carnosus (p<0.05). Nassu et al. (2002) conducted 
studies on use of different starter cultures in processing of goat meat 
fermented sausages. Commercial starter cultures containing Staphylococcus 
xylosus + Pediococcus pentosaceus, a mixture (50:50) of two strains of 
Pediococcus sp., Lacto bacillus farciininis+Staphylococcus xylosus I Staphy(o-
coccus carnosus were tested. They reported that the pH and lactic acid 
production different between treatments significantly (p<0.05). In the other 
hand, Gucuko6lu & Ktipliilu (2010) reported that during the ripening period, 
there is no statistical difference detected between the groups of cultures in 
terms of pH values (P<0.05). 
The equation of regression lines and correlation coefficient of all 
samples with two levels of fat have been shown on the regression graph (Fig 
4.6-4.8). The negative sign in the coefficients of x explains that there was 
constant decrease of pH during drying. The values of R' were near to 1. Thus 
the graph may be approximated to a straight line and linear relation well fits 
between drying period and pH values. 
Table 4.4: Evaluation of pH of semi dried fermented sausages incorporated 
	
with 20% fat during drying process 	 _ _._ 
Sample 	 Time, Days 
code 	0 	I 	2 	3 	4 	5 	6 
SIF1 5.075± 4.986± 4.901+ 4.848± 4.786± 4.699± 4.658± 
0.014a 	0.005 	0.002 	0.006 	0.006 	0.007 	0.025e 
in 
5.143± 5.086± 4.988± 4.906± 4.815± 4.743± -4.692± S2F 1 0.012b 0.008 0.019 0.014 0.015 0.013 0.005h 
4.939± 4.902± 4.881± 4.827± 4.791± 4.7511 4.717± S3F1 0.005c 0.003 0.014 0.005 0.007 0.009 0.018i 
4.881± 4.846± 4.805± 4.787± 4.758± 4.718± 4.693± S4F1 0.009d 0.011 0.005 0.004 0.006 0.004 0.012h 
5.017± 4.975± 4.910± 4.836± 4.774± 4.674± 4.585± S5F1 0.015c 0.006 0.010 0.013 0.017 0.014 0.008k 
5.114± 4.949± 4.883± 4.814± 4.755± 4.690± 4.603± S6F 1 0.013f 0.002 0.013 0.008 0.011 0.003 0.005L 
Values are means of five replicates ±SD: Means with different letters differ significantly (p <0.05) 
S 1 = Lactohacilhi.s brevis + Lactobacillus plcrntaruen, S2=L. brevis + Lactococcus lactis ssp. S3= L. 
planturum + L. lad is ssp. S4= L. brevis + Streptonivices griseas ssp. SS= L. pleanturum + S. griseus 
ssp. S6 	L. lactis ssp. + S. griseus ssp 
Fl=  20% fat level. 
Figure 4.5: Evaluation of pH of semi dried fermented sausages incorporated 
with 20% fat during drying process 
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Figure 4.6: Regression analysis of pH of semi dried fermented sausages 
incorporated with 20% fat during drying process 
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Table 4.5: Evaluation of pH of semi dried fermented sausages incorporated 
with 25% fat during drying process 
Sampl 	 - 	 - Time .Days 
e code I 	0 	1 2 	3 	4 	5 	6 
5.099+ 5.009± 4.932± 4.866± 4.796± 4.727± 4.684± S 1F- 0.005a 0.004 0.010 0.006 0.004 0.006 0.004e 
S2F2 5.164+ 5.107± 5.014+ 4.941 + 4.858± 4.789± 4.723± 0.006b 0.004 0.007 0.008 0.011 0.006 0.002f 
S3F2 4.988± 4.949± 4.912± 4.859± 4.807± 4.773+ 4.735± 0.015c 0.005 0.006 0.012 0.006 0.003 0.002f 
4.971± 4.903± 4.846+ 4.802± 4.785± 4.754± 4.731± S4 F- 0.012d 0.004 0.004 0.006 0.007 0.008 0.003E 
5.093+ 5.013± 4.959± 4.896± 4.791± 4.713± 4.617± SSF- 0.007a 0.008 0.012 0.013 0.011 0.008 0.003g 
5.162± 5.071± 4.949± 4.897+ 4.816± 4.740± 4.688± S6F2 0.027b 0.017 0.009 0.005 0.005 0.012 0.003e 
Values are means of live replicates ±SD: Means with different letters differ significantly (p<0.05) 
Si - Lactobacillus brevi.c t Lactobacillus pluttturum. S2=L. brevis + Luclucuccus luctis ssp. S3= L. 
plunturum + L. lactic ssp. S4- L. hre ci.s + Streptctmyce.c griseus ,s'.sp. S5= L. plunturtun + S. griseus  
ssp_ S6-L. lactic ss p. + S. griseus ss/p 
F2= 25% tat level. 
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Figure 4.7: Evaluation of pH of semi dried fermented sausages incorporated 
with 25% fat during drying process 
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Figure 4.8: Regression analysis of pH of semi dried fermented sausages 
incorporated with 25% fat during drying process 
5? 
y=-0.0755x+5.1689 	Y=-0.0695x+5.0817 
	
R2 =0.9977 	R2 = 0.9929 	
• SJF2 
5.1 
y = -0.0434x + 4.9907 • S2 F 2 
Rl = 0.9962 
S A S3F2 
S4F2 
49 
S5F2 
a 
ag 	 • S6F2 
Linear (S1F2) 
4.7 	y = -0.0792x+ 5.1408 
R2 = 0.9872 	 1 	Linear (52F2) 
4.6 0.0385x + 	Linear (S3F2) 
Y = -0.0784x + S.Z041 	y 
 
R2 .O.94 Q
R2 = 0.9917 — Linear (S4F2) 
4.5 	 Linear (SSF2) 
0 	1 	2 	3 	4 	5 	6 Liner (S6F2) 
Time, Dsya 
79 
4.2.2 Phvsico-chemical characteristics of fermented sausages during 
refrigerated storage 2" C. 
4.2.2.1 pH 
p11 of semi dry fermented sausages was brought down after 
fermentation, smoking & drying. 
a) At 20% fat 
pH values of the six samples were found between 4.59 & 4.72 just after 
product preparation (Table 4.6, Fig 4.9). The reduction in pl-I was due to 
formation of lactic acid by the different cultures of lactic acid bacteria (LAB) 
using carbohydrates (dextrose & sucrose) added in the meat mixture. Different 
cultures of LAB fermentation significantly (p<0.05) affected the pH of 
sausage sample. During refrigerated storage 2° C, p1-1 values were found to 
decrease consistently and pII measurement was carried Out every after 15 x`' 
day, till the end of shelf life. Refrigerated storage significantly (p<0.05) 
reduced the pH of fermented sausages. At the end of 120 days of storage pH 
values were found to be between 4.32 & 4.41. 
b) At 25% fat 
pH values of the all samples were found between 4.62 & 4.73 just after 
product preparation of samples (Table 4.7, Fig 4.1 1). Different cultures of 
LAB fermentation significantly (p<0.05) affected the PH of sausage sample. 
Similar results were obtained by (Ensoy et al., 2010). During refrigerated 
storage 2° C. pH values were found to significantly (p<0.05) decrease. At the 
end of 120 days of storage p11 values were found to be between 4.39 & 4.43. 
Increasing the fat level from 20% to 25% increasedihe p1-I of all sample and 
that agreed with the result of studies conducted by (Ahmad, 2005; Liaquati & 
Srivastava, 2010; Olivares et al., 2010). 
The equation of regression lines and correlation coefficient of all 
samples with two levels of fat have been shown on the regression graph (Fig 
4.10-4.12). The negative sign in the coefficients of x explains that there was 
constant decrease of pH during drying. The values of R2 for all samples at two 
different levels of fat were in between 0.9422-0.9973. The values of R2 were 
near to 1- thus the graph may be approximated to a straight line and linear 
relation %\ell fits between drying period and pH values. 
Table 4.6: Evaluation of p1-i of semi dried fermented sausages incorporated 
with 20% fat during refrigerated storaue at 2° C 
Sample No. of I)ay1 
code 
0 15 30 45 60 75 90 105 120 
4.658± 4.607= 4.576± 4.543= 4.502± 4.484± 4.458± 4.43I    4.392± 
SIFI 
0.024a 0.006 0.015 0.017 0.005 0.008 0.011 0.007 0.008e 
f 4.75± 
4.692± 4.611± 4.569+ 4.533± 4.482± 4.451= 4.410± 4.383 
S2F I U.014e: 
0.005b 0.007 0.007 0.006 0.0I3 0.015 0.008 0.009 
9 
S3 F 1 14.717± 4.662- 4.620-± 4.581= 4.533± 4.502= 4.478_ 4.439± 4.414± 
0.018c 	0.009 	0.01 I 	0.009 	0.008 . uU 13 	0.016 	0.017 	0.0241' 
4.6931 4.644± 4.599 4.484± 4.467= 4.447= 4.408± 4.383 4.359± 
S4I1 
0.012h 0.015 0.007 0.011 0.014 0.006 0.009 0.004 0.007g 
4.5851 4.552= 4.521-± 4.493± 4.451± 4.407± 4.383± 4.352± 4.321+ 
SFI 1 
0.008d 0.01I 0.009 0.013 0.007 0.006 0.013 0.006 0.013h 
5 	
4.603 4.579± 4.525± 4.507± 4.469± 4.415-± 4.387 •1._,55± 4.338:E 
61 1  
0.005d 0.009 0.012 0.019 0.009 0.007 0.010 0.011 0.005h 
Values are means ot'five replicates LSD: Means with different letteN differ significantly (p-0.0S) 
S I Luclohucillt,.c hrevis + Lac±nhucilhes 1lcutkurtuu. S2=1.. hr•evi. 	Luc'1ot•uccir.s• laclis s 1). S3= L. 
j)Iuntakzu» - L. luctis .ssp. S4= L. hivfi- s + S1i•epioml'kra• griseus AV. S5= L. plunkuruvk -- S. griseus 
ssp. S6=L. Iuc li.c .c.sh. + .S'. ,gr•iseu.c c.vp 	 - - -- 
Fl= 20% fat level. 
E 
-4 
Figure 4.9: Evaluation of pH of semi dried fermented sausages incorporated 
with 20% fat during refrigerated storage at 2°C 
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Figure 4.10: Regression analysis of pH of semi dried fermented incorporated 
with 20% fat sausages during refrigerated storage at 2° C 
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Table 4.7: Evaluation of pH of semi dried fermented sausages incorporated 
with 25% fat during refrigerated storage at 2° C 
Sample Storage time, Days 
code 0 15 30 45 60 75 90 105 120 
4.684± 4.644± 4.605± 4.58± 4.558± 4.515± 4.467± 4.436± 4.411± S 1 F2 0.004a 0.003 0.002 0.002 0.004 0.002 0.006 0.004 0.002d 
4.723± 4.662± 4.619± 4.551± 4.524± 4.473± 4.434± 4.405± 4.388± S2F2 0.002b 0.003 0.008 0.058 0.004 0.004 0.004 0.005 0.002e 
4.735± 4.692± 4.657± 4.611± 4.584+ S3F2 
 
4.536± 4.479± 4.450± 4.434± 
0.002b 0.006 0.008 0.010 0.005 0.005 0.027 0.008 0.006f 
4.731± 4.686± 4.644± 4.604± 4.573± 4.516± 4.463± 4.428± 4.380-1 S4F2 0.003b 0.004 0.002 0.004 0.004 0.003 0.003 0.008 0.003e 
4.617± 4.590± 4.581± 4.531± 4.483± 4.444± 4.411-1 4.390± 4.354± S5F2 0.003c 0.010 0.003 0.009 0.014 0.004 0.007 0.010 0.003g 
4.687± 4.644± 4.608± 4.563± 4.530± 4.491± 4.447± 4.392± 4.382± S6F2 0.003a 0.003 0.008 0.018 0.010 0.009 0.007 0.010 0.006e 
Values are means of five replicates ±SD: Means with different letters differ significantly (p<O.05 ) 
S 1 -Luctohucillus brevis + Luctohucillus plunturuin, S2=L. brevis + Luctococcus lactis ssp. S3= L. 
pluntarum + L. lactis ssp. S4= L. brevis + Streptomvices griseus ssp. S5= L. planlarum + S. griseus 
ssp. S6-L. !webs ssp. + S. griseus ssp 
F2- 25°;o fat level 
Figure 4.11: Evaluation of pH of semi dried fermented sausages incorporated 
with 25% fat during refrigerated storage at 2° C 
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Figure 4.12: Regression analysis of pH of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.2.2 Moisture content 
Moisture content of semi dry fermented sausages is an important 
property, which relate to the quality and shelf life of the product. The low 
moisture content of fermented sausages and reduced pH are the main causes of 
its extended shelf life. 
a) At 20% fat 
The moisture contents of semi dry fermented sausages in which 
fermentation carried out using different cultures of LAB has been presented in 
Table 4.8. Moisture contents of these samples were found to be in between 
44.11% and 46.05% (on wet basis) in fresh condition. The analysis of variance 
(ANOVA) showed that the use of different cultures of LAB fermentation 
significantly (p<0.05) affected the moisture contents of sausage sample. 
During refrigerated storage, moisture contents of these samples significantly 
3] 
(p<0.05) decreased. The moisture contents of these samples were found in the 
range of 37.46-39.72% on 12011' day of storage (Fig.4.13). 
Figure 4.14 shows the linear regression of moisture content of semi 
dried fermented sausages incorporated with 20% fat during refrigerated 
storage at 2° C. The negative sign in the coefficients of x explains that there 
was constant decrease of moisture content during refrigerated storage. The 
values of R' of all samples were near to 1 and so almost perfect relation 
existed between storage period and moisture content. 
b) At 25% fat 
Table 4.9 represents the results of moisture contents of buffalo meat 
semi dry fermented sausage prepared with 25% fat. The moisture contents of 
all samples of sausage were found in the range of 42.49-43.71°/, in fresh 
condition. Different cultures of LAB fermentation significantly (p<0.05) 
affected the PH of sausage sample. During refrigerated storage significant 
(p<0.05) decrease in moisture content was noted. The decreases were due to 
evaporation of moisture through the permeable packaging film. Figure 4.15 
shows the moisture loss behavior of semi-dry fermented sausages samples 
during refrigerated storage (2°C). Increasing levels of fat constantly decreased 
moisture content of sausages samples. Ahmad & Srivastava (2007) reported 
that increasing levels of fat significantly (p<0.05) decreased the moisture 
content of the sausages because the required medium for making the emulsion 
is fat and water and once the proportion fat increases, obviously moisture 
content decreases. In both levels of fat, a significant (p<0.05) effect of 
different starter cultures on moisture content had been observed. Similar 
results were obtained by Hu et al. (2007), while Gucukoalu & Kuplulu (2010) 
reported that the effect of'different starter cultures on the amount of dry matter 
was statistically deemed as insignificant (I'<0.05). 
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Figure 4.16 shows the regression analysis of moisture content of semi 
dried fermented sausages incorporated with 25% fat during refrigerated 
storage at 2° C. The equations of regression and correlation coefficient (R2) 
have been shown in the regression graph it self Values of R2 were very close 
to I and hence the perfect linear relation was holding for consistent reduction 
in moisture content during refrigerated storage. 
Table 4.8: Evaluation of moisture content of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2" C 
No. of Days 
Sample- 
code 1 
0 	15 	30 	45 	60 	75 	90 	105 	120 
44.11± 43.04± 41.97+ 41.05± 40.14± 39.52 39.04± 38.26+ 37.46± s1Fl 0.015a 0012 0.012 (1,021 0.032 0.012 0.029 0.015 0.046g 
46.05_ 44.97* 44.07± 43.27± 42,44± 41.74= 41.14± 40.35± 39.72- S2F1 
0.010b 0.006 0.015 0.006 0.025 0.023 0.031 0.010 0.021h 
4537+ 44.16+ 43.35± 42.521 41.83+ 40.98+ 39.95+ 39.36 38.841 S3F1 0.01Oc 0.023 0.006 0.023 0.018 0.015 0.035 0.02S 0.034i 
45.24+ 44.33= 4353± 42.83± 42.03+ 41.35± 40.78± 40.16+ 39.36± S4Fl 
0.015d 0.020 0.015 0.021 0.035 0.015 0.026 0.010 0.042j 
44.82± 4393+ 43.03± 42.18± 41.44± 40.75= 40.12± 39.66± 38.98± S5FI 
0.017e 0.021 0.015 0.015 0.031 0.038 0.040 0.026 0.010k 
45.622+ 44.28± 43.39+ 42.46+ 41.85+ 4±.033 40.44+ 39.89+ 39.22+ S6F1 0.012f 0.006 0.015 0.017 0.026 0.021 0.025 0.031 0.0101 
Values are means of five replicates 'SD; Means with different levers differ significantly (p<0.05) 
51-Laelrht cillue brrvis + T,udtobacilfu.v pdmi(uv nm, S2L hr c vis' + Lreclocucarrs last S'sp. S3- L. 
plantarttm + L. lactic ssp. S4= L. brevis + Streptnnp'crs griscnes ssp_ 55-  1._ plantantrtr + S gri.etcv 
ssp. S6 =L. lacttsssp. +S prisetes ssp 
FI=20%tat level. 
S6 
Rz = 0.9935 
Figure 4.13: Evaluation of moisture content of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2" C 
46 
44 
C 
C .12 v 
40 
0 
38 
—.—S1F1 
tS2F1 
—t— S3F 1 
— S4F1 
— SSF1 
--S6F1 
36 
0 	15 	30 	45 	60 	75 
	
90 	105 	120 
Storage period, Days 
Figure 4.14: Regression analysis of moisture content of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2° C 
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Table 4.9: Evaluation of moisture content of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2" C 
Sampl 	 No. of Days 
code 	0 	15 	30 	45 	60 	75 	90 	105 	120 
42.49± 41.43± 40.34± 39.71± 38.61± 38.05± 37.31± 36.67± 35.85± SIF2  0.006a 0.017 0.037 0.006 0.005 0.010 0.021 0.023 0.037g 
43.71± 42.89± 41.41± 40.96± 40.01± 39.33± 38.63± 37.84± 37.03± SF' 0.017b 0.005 0.010 0.006 0.015 0.021 0.021 0.030 0.017h 
42.53± 41.48± 40.36± 39.44± 38.93± 38.21± 37.52± 36.72± 35.98± S3F2 0.020c 0.006 0.026 0.005 0.036 0.020 0.026 0.023 0.006i 
t`  3.62± 42.53+ 41.19± 40.47+ 39.67± 39.08± 38.41+ 37.66± 36.79± S4F2 0.012d 0.015 0.021 0.006 (1.044 0.011 0.005 0.026 0.005,1 
43.01± 42.15± 41.45+ 40.32± 39.57± 38.43± 37.78± 37.01± 36.08± 5512 0.005e 0.020 0.005 0.012 0.015 0.020 0.010 0.005 0.006k 
43.55± 42.16± 41.58± 40.65± 39.95± 38.83± 38.01± 37.22± 36.44± S6F2 0.01Of 0.015 0.012 0.010 0.015 0.005 0.006 0.011 0.026L 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S 1 -Luctohcu•illu.c brevis + Lactobacillus planturum, S2=L. hrevi.c + Luc±ocuccus luctia• ssp. S3 	L. 
ph: ziurum + L. luctis s.sp. S4= L. brevis + .Strepiomvices griseus ssp. S5= L. planturum + S. griseus 
ssp. S6 	L. lucti.s 55/). + .S. griseus .Ss/7 
12= 25°/o fat level 
Figure 4.15: Evaluation of moisture content of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.16: Regression analysis of moisture content of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.2.3 Thiobarbituric acid number (TBA) 
Ihiobarbituric acid (TBA) number is important relevant characteristics 
of meat product that indicate the oxidation state and later on stage rancidity of 
the product. 'l'he semi-dry fermented sausages after preparation were packed 
in combination film under atmospheric packaging systems. The samples 
contained sufficient fat and therefore samples might be oxidized by 
atmospheric oxygen and may lead to develop warm over flavour (WOF). TBA 
measurements have been frequently found to give useful correlation with 
sensory scores, in looking at the development of WOF in cooked meats (Poste 
et al., 1986). TBA number was determined as mg of rnalonaldehyde/kg. 
Malonaldehyde is produced as a result of fat oxidation and it react with TBA 
reagent to produce coloured complex with an absorption max/min 530-532 
nm. "['he red pigment produced is the reaction product obtained from 
condensation of two moles of TBA reagent with one mole of malonaldehyde 
(Sinnhuber et. al., 1958). 
a) At 20% fat 
In fresh condition, TBA number values were between 0.148 and 0.166 
mg of malonaldehyde/kg of meat (Table 4.10, Figure 4.17). Samples treated 
with L. lactis ssp. + S. grfseus ssp. showed minimum TBA number. Samples 
inoculated with L. brevis + L. lactis ssp. had significantly higher accumulation 
of TBA number as compared to samples inoculated with L. brevis + L. 
plantarun and L. plantarwn + S. griseus ssp. or in combination with L. lactis 
ssp. + S. griseus ssp. Irrespective of starter cultures employed, there was a 
significant (p0.05) increase in TBA number during refrigerated storage 
(Table 4.10, Figure 4.17). After 120 days of storage, Samples inoculated with 
L. lactis ssp. i S. griseus ssp. had significantly higher accumulation of TBA 
as compared to all remaining samples. Ahmad et al, (2010) and (Coskune et 
al., 2010) reported that TBA number of SDFS increased during refrigerated 
storage. All (201 1) reported that TBA values of ground beef increased 
gradually and significantly (p<0.05) during storage period. 
b) At 25% fat 
Table 4.11, Figure 4.19 represents the results of TBA number analysis 
of SDFS incorporated with 25% fat during refrigerated storage (2° C). TBA 
number values were between 0.170 and 0 293 mg of malonaldehyde/kg of 
meat. Samples treated with L. brevis + L. plantarum showed minimum TBA 
number in fresh condition. Refrigerated storage significantly (p<0.05) 
increased the fBA number of all samples. Samptes inoculated with L. lactis 
ssp. + S. griseus ssp. had significantly higher accumulation of'I'BA number 
90 
(0.748) as compared to all remaining samples. Malaya et. at (2010) reported 
that pastirma samples inoculated with ?llicr-ococcus ivaricans (MV) and 
Staphylococcus carnosus (SC) had significantly higher accumulation of TBA 
as compared to samples inoculated with Lactobacillus .sukei (LS) alone or in 
combination with MV and SC. Aksu and Kaya (2002) studied the effect of 
different commercial starter Cultures on fatty acid composition of the pustinna 
and observed that Stuhh lococcus ccrrno.tius, Staphylococcus car•jnosus + 
L ictohoc illus pentosus, Staphylococcus xi•losus - Lactobacillus sakei had 
significant (p<0.0I) effect on fatty acid composition oflpustir•nrca. "I'BA values 
of pastinna samples produced with starters were lower than those of the 
control group. Increasing fat level consistently increased TBA number in all 
samples of semi dried fermented sausages. That results were similar to the 
results reported by Ahmad (2005); Ahmad & Srivastava (2007); Liaquati & 
Srivastava. (2010). However in both levels of fat, the values of TBA number 
were under safe limit on the 120'x' day of storage. Previous reports indicated 
that the meat samples containing TBA numbers from 0.5 to 1 possess no off 
odour (Tarladgis et at. 1960). Additionally Watts (1962) reported that values 
of IBA number of 1-2 m`7/kg of malonaldehyde was the minimum detectable 
level for oxidized flavour in beef and its products for an in-experienced panel 
(Greene & Cumuze. 1981 ). 
Figures 4.18 & 4.20 show the regression analysis of TBA number of 
semi dried fermented sausages during refrigerated storage at (2° C) 
incorporated with 20 & 25% fat respectively. The equations of regression and 
correlation coefficient (R ) have been shown in the regression graph it self. 
The positive sign in the coefficients of x explains that there was constant 
increase of TBA number during refrigerated storage. Values of 1Z were very 
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close to 1. Thus the graph may be approximated to a straight line and linear 
relation well fits between storage period and TBA number values. 
Table 4.10: Evaluation of TBA number of semi dried fermented sausages 
1ncorporated with 2U"/o tat during retrigerated storage at L' L 
Sample No. of Days 
code 0 15 30 45 60 75 90 105 120 
0.153± 0.182± 0.226± 0.382± 0.438± 0.516± 0.528± 0.587± 0.653± S 1 F I 0.007 0.012 0.009 0.007 0.010 0.006 0.013 0.004 0.005d ac 
0.166-1 0.201± 0.2861- 0.364± 0.464± 0.513± 0.518± 0.529± 0.544± S2FI 0.003b 0.005 0.008 0.003 0.013 0.004 0.012 0.005 0.004e 
0.162+ 0.195± 0.266± 0.347± 0.412± 0.435± 0.461± 0.510± 0.552± S3 F l 0.010 0.002 0.002 0.004 0.012 0.013 0.003 0.005 0.003e ab 
0.162± 0.201± 0.285± 0.309± 0.343± 0.446± 0.505± 0.584± 0.616± S4FI 0.006 0.009 0.008 0.004 0.007 0.005 0.004 0.013 0.002f ab 
0.153+ 0.204± 0.287± 0.375± 0.471± 0.506± 0.578± 0.606± 0.665± S 5 F 1 0.003 0.013 0.006 0.008 0.006 0.005 0.006 0.009 0.004g ac 
0.148± 0.187± 0.27 31 0.364± 0.484+ 0.565+ 0.614+ 0.691 ± 0.734±  S6 F 1 0.004c 0.007 0.005 0.006 0.006 0.009 0.004 0.008 0.005h 
Values are means of live replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I Luclobucillus hrevis + Laciohcrcillus pIaetoron. S2=L. brevis + Lcaciococcus locus ssp. S3= L. 
plcurtarom + L. buctis s.s p. S4= L. hrei'is +SJreplomvc-es griseus ssp. S5= L. planiurum + S. griseut• 
55/). S6 - L. /c/is s.S/). ±5. griseus s.s/p. F I = 20% fat level. 
Figure 4.17: Evaluation of TBA number of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2" C 
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Figure 4.18: Regression analysis of TBA number of semi dried fermented 
sausages incorporate+ '-. jt}h ()°' fat during refrigerated storage at 2°C 
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Table 4.11: Evaluation of TBA number of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2°  C 
Sample No. of Days 
code 0 15 30 45 60 75 90 105 120 
0.170± 0.206+ 0.262± 0.387± 0.486± 0.541+ 0.575± 0.622± 0.689± S 1 F2 0.01Oa 0.005 0.007 0.009 0.018 0.018 0.005 0.014 0.008e 
0.178+ 0.243+ 0.289± 0.379± 0.498+ 0.520± 0.535+ 0.548± 0.587± S2F2 0.012ab 0.012 0.008 0.006 0.008 0.002 0.005 0.010 0.01Of 
0.177± 0.246± 0.276± 0.381± 0.446± 0.492± 0.520± 0.571± 0.603± S3F2 0.006ab 0.005 0.004 0.012 0.008 0.010 0.010 0.008 0.009f 
0.195± 0.220± 0.287± 0.336± 0.410+ 0.477± 0.542± 0.584± 0.643± S4F2 0.01Ob 0.020 0.007 0.009 0.006 0.015 0.006 0.007 0.008g 
0.225± 0.297± 0.413± 0.475± 0.550± 0.572± 0.597± 0.647± 0.707± S5F2 
0.007c 0.038 0.011 0.017 0.015 0.011 0.016 0.014 0.006e 
0.293± 0.298± 0.355± 0.427± 0.495+ 0.609± 0.661± 0.730± 0.784± S6F2 0.013d 0.015 0.022 0.014 0.009 0.013 0.023 0.011 0.014h 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I -Lactoharillus brevis + Lactuhacillus plantarum. S2=L. brevis + Lactoeorcus lactic ssp. S3= L. 
planlarunr + L. lac•lis ssp. S4= L. brevis + Streptonrve s griseus ssp. S5= L. plcmturunt + S. griseus 
ssp. S6=L. laths ssp. + S. griseus ssp 
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F2- 25% fat level 
Figure 4.19: Evaluation of TBA number of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2" C 
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Figure 4.20: Regression analysis of TBA number of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
0.9 y = 0.0035x + 0.2074 
y - 0.0046x ' 0.164 • S1F2 R2 =0.9268 
R2 '0.9755 
0.8 
■ S2F2 
0 7 y= 0.0036x + 0.1939 A 	S3F2 oc  R2 =0.9775 
06 S4F2 DO 
E 
0.5 S5F2 
E 0s • 56F2 
= < 0.3 • Linear (S1F2) 
m 
—Linear (S2F2) 
Linear (S3F2 ) 
0.1 y = 0.0039x + 0.1748 	y a 0.0038x t 0.2686 
R2 = 0.9946 R2 -- 0.9565 Linear (S4F2) 
0 15 	30 	45 	60 	75 	90 	105 	120 
Linear (S5F2) 
Storage period, days Liner (S6F2) 
4.2.2.4 Protein content 
Protein content is indicative of nutritional quantity. In case of meat 
products, the quality of protein is very high, because of most of essential 
amino acids present in it. Like other institutional constituents protein is also 
degrade by micro organisms in during storage 
a) At 20% fat 
Protein content of all samples of semidry fermented sausages has been 
given in Table 4.12. The protein contents of all samples of sausage were found 
in the range of 23.41-25.18% in fresh condition. Samples inoculated with 
Lactobacillus brevis + Lactobacillus ptantarum had significantly higher 
percentage of protein content (25.18%) as compared to all remaining samples, 
Refrigerated storage significantly (p<0.05) increased the protein content of 
SDFS. At the end of 120'h days of storage protein contents were found in the 
range of 25.11-27.05% (Figure 4.21). 
The equation of regression lines and correlation coefficient of all 
samples with 20% fat have been shown on the regression graph (Figure 4.22). 
1 [he positive sign in the coefficients of x explains that there was constant 
increase of protein content during storage period. The values of R2 were in 
between 0.9552-0.9847. The values of H' were near to 1, thus the graph may 
be approximated to a straight line and linear relation well fits between drying 
period and protein content values. 
b) At 25% fat 
Different cultures of LAB fermentation significantly (p<0.05) affected 
the protein content of sausage samples. The protein contents of SDFS were 
found in the range of 20.77-23.21% in fresh condition (Table 4.13). The 
results of protein content evaluation during refrigerated storage (2° C) also 
have been demonstrated in Figure 4.21 The protein content profile during 
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storage was found to be increasing. Refrigerated storage significantly (p<0.05) 
increased the protein content of SDFS. Perhaps that happened due to the loss 
of moisture content during the storage period. At the end of 1201h days of 
storage protein contents were found in the range of 23.75-25.04%. Protein 
content of semi dried fermented sausages was found apparently change due to 
increase the percentage of fat. Soyer & Ertas (2007) reported that the fat 
content of the Sucuk samples significantly affected the moisture, protein and 
fat contents (P<0.05). Lactobacillus sakei, Lactobacillus curvatus and 
Lactobacillus plantarum are the most competitive LAB isolated from 
fermented sausages and are also usually involved-in starter cultures (Cocolin 
et al. 2004; Fontana et al. 2005; Aymerich et al. 2006). All these species are 
endowed with a certain proteolytic activity that may partly contribute to the 
degradation of muscle proteins (Fadda et al. 1999; Ordonez et al. 1999). 
Utilization of different starter culture mixes and heat application in turkey 
sucuk manufacturing resulted in differences in protein degradation during 
processing stages (Ensoy et al., 2010). 
The positive sign 	in the coefficients of x explains that there was 
constant increase of protein content during storage period (Figure 4.24). The 
values of Rc were in between O.R949-0.9723. The values of R 2 were near to 1, 
thus the graph may be approximated to a straight line and linear relation well 
fits between drying period and protein content values. 
Table 4.12: Evaluation of protein content of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
Sample No. of Days 
code 0 	I5 	30 	45 	60 	75 	90 	105 120 
s ri 25.18± 	25.47± 	25.85+ 	26.07± 	26.25= 	26.56= 	26.72± 	26.77± 26.98- 0.017a 	0.044 	2040 	0.034 	0.046 	0.017 	0.026 	0.010 0.0261 
S2FI 
23.45± 	23.55+ 	23.84+ 	24.04+ 	24.45f 	24.74+ 	2492+ 	24.98+ 25.111 
0.026b 	0.017 	0.035 	0.044 	0.010 	0.043 	0.052 	0.017 0.OIOg 
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105 	120 30 	45 	60 	75 	90 
C 
26 
C 
0 25 
C 
' 	25 
0 a 245 
24 
23.5 
23 
0 	15 
-•-S1F1 
-•-S2F1 
-*-S3F1 
S4F1 
-S5F1 
tS6F1 
25.06± 25.45± 	25.70± 25.94E 26.06* 26.48± 26.63± 26.76± 26.99+ S3F1 0.026c 0.010 	0.035 0.043 0.020 0.036 0.026 0.017 0.069f 
S4F1  25.39± 25.63± 	25.89± 26.16± 26.50± 26.56± 26.66± 26.86± 27.05± 
0.020d 0.026 	0.017 0.017 0.017 0.026 0.010 0.035 0.031h 
24.50± 24.76± 	24.94± 25.18± 25.24± 25.48± 25.56± 25.61± 25.69± SFI 0.017e 0.026 	0.061 0.046 0.010 0.017 0.017 0.010 0.017i 
23.41+ 23.84± 	24.21± 24.48+ 24.63± 25.14± 25.25± 25.35± 25.59± S6F1 0.036b 0.040 	0.026 0.017 0.044 0.026 0.053 0.017 0.044j 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I -Luctohucillus hrevis + Lcac•±uhuei/lu.s plunlzerum. S2=L. hrevis + Luciococes luctis ssp. S3= L. 
phuiturum + L. /uc tis ssp. S4= L. hrevis' + Sireptornvices gri.ceus ssp. S5= L. plaeiarum + S. griseus 
5Sp. S6 - L. locus ssp. + S. gri.ceus ssp 
F 1= 20% fat level. 
Figure 4.21: Evaluation of protein content of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
28 	 4 
27.5 
27 
26.5 
Storage period, Days 
97 
Figure 4.22: Regression analysis of protein content of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2° C 
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Table 4.13: Evaluation of protein content of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
Sample No. of Days 
code 0 	15 30 45 60 75 90 105 120 
221.45+ 	21.93± 22.51± 22.55=1- 23.18+ 23.26± 23.49+ 23.63± 24.02± S 1 F2 0.032a 	0.021 0.006 0.005 0.017 0.015 0.029 0.017 0.01Og 
21.14+ 	21.58± 22.64± 22.74± 22.85± 23.08± 23.36± 23.51± 23.75± S2I2 0.005b 	0.017 0.015 0.006 0.021 0.010 0.044 0.025 0.025h 
23.21± 	23.26± 24.09± 24.26± 24.33+ 24.42± 24.68} 24.83± 24.93+ S3 F2 0.01Oc 	0.026 0.010 0.023 0.006 0.010 0.062 0.017 0.006i 
21.65± 	22.27± 23.12± 23.21± 23.68± 23.78± 23.91± 24.14± 24.41+ S4F2 , 0.040d 	0.032 0.042 0.045 0.046 0.010 0.023 0.006 0.01Oj 
S5},2 22.87± 	23.18± 23.49± 23.96± 24.20± 24.66+ 24.88± 24.97± 25.04± 
0.035e 	0.012 0.010 0.017 0.031 0.040 0.006 0.017 0.021 k 
20.77± 	21.53± 21.62± 21.78+ 22.12± 22.77± 23.29± 23.66+ 23.85± S6F2 0.010+ 	0.021 0.005 0.006 0.050 0.010 0.021 0.006 0.005L 
Values are means of five replicates ±S[): Means with different letters differ significantly (p-0.05) 
S I 	Lactobacillus brevis + Laewbaci/luc s1un+arum. S2-L. brevis + Laefoeocceus luetis ssp. S3= L. 
plunturum + L. laclis ssp. S4- L. brevis + Streplomvices griseus .ssp. S5- L. hlanturum - S. griseus 
ssp. S6 -L. lac lis .CSI. + S. griseus ssp 
F2= 25% tat level 
m 
Figure 4.23: Evaluation of protein content of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.24: Regression analysis of protein content of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.2.5 Moisture protein ratio (MPR) 
Semi dry sausages have low moisture content (50-35%). The ratio of 
moisture content and protein is known as moisture protein ratio (MPR) and it 
has been considered a standard property. 
a) At 20% fat 
Table 4.14 represents the results of moisture protein ratio of buffalo 
meat semi dry fermented sausage produced by using different cultures of LAB 
fermentation. The moisture protein ratio of semi-dry fermented sausage with 
20% fat found to be between 1.751 and 1,964 in fresh conditions. Different 
cultures of LAB fermentation significantly (p<0.05) affected MPR. During 
refrigerated storage there was a significant (p<0.05) decrease of MPR in all 
samples. That was due of loss of moisture content during storage period and 
increasing of protein percentage in SDFS. At the end of storage duration MPR 
values were in between 1.389-1.581 [(Figure 4.25). 
b) At 25% fat 
Different cultures of LAB fermentation significantly (p<0.05) affected 
MPR. In fresh conditions, the moisture protein ratio of semi-dry fermented 
sausage with 25% fat found to he between 1.832 and 2.097 (Table 4.15). 
During refrigerated storage there was a significant (p<0.05) decrease of MPR 
in all samples. At the end of 120' days of storage MPR were found in the 
range of 1.440-1.559 (Figure 4.27). .VIPR of semi dried fermented sausages 
was found apparently increased due to increase the percentage of fat. That 
indicates the decrease in protein content was more than the decrease of 
moisture content due to increase the level of fat. However, in both levels of 
fat, the values of MPR obtained in this study were in the range of 1.751-2.097. 
MPR should he in the range of 3.7-1.0 (iMl, 1982.) That was in accordance 
with FS[S, (1986); Ricke & Keeton, (1997); Doyle, (2001). Guidance from the 
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Food Safety and Inspection Service/United States Department of Agriculture 
(FSISiUSDA) requires that shelf stable semi-dry and dry sausage be nitrite 
cured, fermented, and smoked, and have MPR of 53.1:1 and <1.9:1, with a 
final of pH< 5.0 (American Meat Institute Foundation, 1997). 
Figures 4.26 and 4.28 show the regression analysis of MPR of semi 
dried fermented sausages during refrigerated storage at 2°C. incorporated with 
20 & 25%/" fat respectively. the equations of .regression and correlation 
coefficient (R') have been shown in the regression graph it self. The negative 
sign in the coefficients of x explain that there was constant decrease of MPR 
during refrigerated storage. Values of R were very close to 1. Thus the graph 
may be approximated to a straight line and linear relation well fits between 
storage period and MPR values. 
Table 4.14: Evaluation of MPR of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2°C 
Sample 
	 No. of Day's 
code 15 	30 	45 	60 	75 	90 	105 	120 
1.751 ± I.690 L 1.629 { 1.575' 1.529 -1.458± 1.462± 1.430+ 1.339= 
S I F I 
0.001a 0.002 0.010 0.003 0.002 0001 0.001 0.002 0.002g 
1.964± 1.909± 1.849± 1.800± 1.736+ 1.687± 1.651 1.615' 1.581 S2 F1 
0.002h 0.002 0.003 0.004 0.006 0.004 0.005 0.002 0.002h 
1 	1.810± 1.735± 1.687± 1.640± 1.605+ 1.547± 1.500+ 1.471± 1.439± 
S3F I 
0.002c 0.001 0.002 0.003 0.002 0.002 0.002 0.002 0.003i 
S4171 
1381± 1.729± 1.681= L637± l 5 6t 1.557± 1.530± 1.495± 1.453± 
0.002d 0-001 0.002 0.002 0.001 0.002 0.001 0.003 0.006j 
1.829± 1.774+ ].725+ 1.675± 1.642± 1.599± 1.570± 1.549± ].517± 
SF[ 
0.001c 0.002 0.004 0.003 0.002 0.002 0.002 0.002 0.002k 
1.949± 1.857± 1.792± 1.734± 1.699= 1.632± 1.602_1- 1.574± 1.533-  
56t t 
0.0031 0.004 0.002 0.002 0.003 0.002 0.004 0.006 0.0031. 
Values are means of five replicates ±SD; Means with different letters differ significantly (p~0.05) 
S I =Laciohacillu. hrev s + Lactohacillus p) ant arunt, S2=L. br+is + Laciococcus locus esp. S3= L. 
plantarum + L. lacfis ssp. S4= A. hrevis + Slreptomy=ces gri.seeLv s.rp. S5= T_ plan tartan - S gri,semw 
ssp. S6=L. la, fis ssp. + S. griseus ssp 
Fl= 20% fat level. 
fill 
Figure 4.2: L 
incorporated with 20% fat during refrigerated storage at 2" C 
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Figure 4.26: Regression analysis of MPR of semi dried fermented sausages 
incorporated with 20°% fat during refrigerated stor,1g<: at 2"C 
	
2 	 y = -0.0027x+ 1.7652 	Y' -0.0026x+ 1.8073 ♦ 
1.95 Rj-0.99 R'=0.9816 
	51F1 
1.9 	 y=-0 	 7 S2F1 r 
1.85 R' = 0.9731 3F1 
1.8 	 y = -0.0029x+ 1.7246 
175 Ra 0.98 	
=F1 
1 7 	 5F1 
1 65 • 56F 1 
1G 
■ Linear(S1F1) 
1 	y=-0.0032x+ 1.9495 ♦ 	 * 	Linear(52F1) 
R' = 0.9893 
l.at' 	 Linear (53F 1) y = -0.003x + 1.7866 
1.4 R' 0.9893 Lincar (54F1} 
1.35 
(1 	15 	10 	15 	Go 	7S 	no 	105 	120 	Linear(55F1) 
Storage period, Days L~~ c,u (56F1) 
102 
"Cable 4.15: [valuation of MPR of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2°C 
Sample I No. oi'l)ays 
code 	0 15 30 45 60 75 90 105 120 
F2 	1.981-1 S11 1.8891- 1.792± 1.7611 1.6661 1.636± 1.5881- 1.5511 1.492±  0.003a 0.001 0.002 0.006 0.001 0.001 0.003 0.005 0.002g 
2.067± 1.987± 1.829+ 1.801-t- 1.751± 1.704± 1.661-} 1.610± 1.559± S2F,2 
0.002b 0.002 0.002 0.006 0.002 0.002 0.003 0.003 0.002h 
1.832± 1.784 ► 1.675+ 1.626 L 1.599± 1.565± 1.520 1.479- 1.443± 531.2 
0.005c 0.002 0.002 0.002 0.002 0.001 0.005 0.002 0.0061 
2.014± 1.910± 1.782-1 1.744-t- 1.6751 1.643± 1.6061 1.560-t- 1.5071 S4:2 0.004d 0.004 0.003 0.003 0.002 0.002 0.002 0.006 0.006j 
11.881 ± 1.819± 1.765-1 1.683+ 1.635± 1.559+ 1.518 1.482± 1.440± S51 2 0.003c 0.002 0.001 0.001 0.003 0.002 0.006 0.001 0.002i 
2.097± 1.958± 1.924* 1.8661 1.806± 1.705* 1.6 321 1.5731 1.527 561 2 0.0061' 0.003 0.001 0.005 0.005 0.001 0.001 0.003 0.002k 
Values are means of toe replicates 4-SD: \leans %%ith different letters differ significantly (p 	0.O5) 
S t -L(&-iobccillus hrec'i.c + Lactobacillus plctnraruw. S2-L. bre vis + Lactucoccuc lcactis ssp. 53- l.. 
pIani Crum + L. lochs ssp. S4= L. hre vis + .'!rej,Ion8'ces griseuc .c.ch. S5= I.. planurrum • S. gri t'w. 
.csp. 56 	L. /actis .csp. + S. grisetcs .csp 
F2 	25% tat level 
Figure 	4.27: Evaluation of MPR of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2"C 
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Figure 4.28: Regression analysis of MPR of semi dried fermented sausages 
incorporated with 25% fat during rcfrm7crated storage at 2" C 
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4.2.2.6 Fat content 
The fat content was added at a rate of 20 & 25% in the mix, however fat 
content was found to increase due to loss of moisture during smoking and 
drying. The fresh meat had 74.5% moisture content. During smoking and 
drying moisture was found to sufficiently reduce. The moisture content of 
semi dry fermented sausage was about 45%. The fat content was found to 
apparently increase in the final product. 
a) At 20% fat 
Table 4.16, Figure 4.29 represents the results of fat content analysis of 
SDFS incorporated Dwith 20% fat. Fat content values were between 27.42% 
and 28.93% in fresh conditions. Samples inoculated with L. /actin ssp. + S. 
griseus ssp. had significantly (p<0.05) higher fat content percentage as 
compared to all remaining samples. During Refrigerated Storage (2° C) the fat 
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content was found to increase all samples. The fat content after 120 days was 
found in the range of 31.62-33.11%. Different cultures of LAB fermentation. 
refrigerated storage and their interaction significantly (p<0.05) affected fat 
content of SDFS. Dharmaveer et al.. (2007) reported that Cat content of stored 
sausages was significantly (p<0.0 1) increased. 
b) At 25% fat 
Different cultures of LAB fermentation significantly (p<0.05) affected 
fat content. In fresh conditions, tat content of semi-dry fermented sausage 
with 25% fat found to be between 31.61 and 33.34% ('Fable 4.17). During 
refrigerated storage there was a significant (p<0.05)-increase of fat content in 
all samples. That might be due to loss of moisture during storage. At the end 
of 120'x' days of storage fat content were found in the range of 35.96-37.13% 
(Figure 4.31). Fat content of semi dried fermented sausages was found 
apparently increased due to increase the percentage of fat, Soyer & Ertas 
(2007) reported that the fat content of the Sucuk samples significantly affected 
the moisture, protein and fat contents (P<0.05). Ensoy et al., (2010) found that 
fat content of Turkish dry fermented sausage (Sucuk) fermented by using a 
mixture Laciobacllhts sake, Staphylococcus carnosus and Staphylococcus 
xylosus as a starter culture was 21.14% while it was-20.61 % by using L. sake, 
S. xvto.rus and Pediococcus pentosaceus. 
• The equation of regression lines and correlation coefficient of all 
samples with two levels of fat have been shown on the regression graph (Fig 
4.30 8e 4.32). The positive sign in the coefficients of x explains that there was 
constant increase of fat content during storage. The values of R2 for all 
samples at two different levels of fat were in between 0.9808-0.9985. The 
values of R2 were very near to 1, thus the graph may be approximated to a 
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straight line and linear relation well fits between storage period and fat content 
values. 
Table 4.16: Evaluation of fat content of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
Sample No. of Days 
code 0 15 30 45 60 75 90 105 120 
28.81± 29.58± 30.24± 30.81± 31.47± 31.76± 32.02± 32.63± 33.11± S 11 1 0.010a 0.017 0.030 0.006 0.020 0.026 0.023 0.017 0.052g 
28.56± 29.44± 30.02± 30.61± 30.92± 31.28± 31.69± 32.41± 32.92± S2F 1 0.017b 0.036 0.017 0.061 0.023 0.050 0.020 0.015 0.023h 
27.42± 28.09± 28.56± 29.16± 29.60± 30.05± 30.85± 31.36± 31.62± S3F1 0.026c 0.035 0.041 0.023 0.012 0.038 0.035 0.031 0.015i 
27.54± 28.21± 28.63± 28.98± 29.42± 30.11± 30.48± 30.88± 31.33± S4F1 0.044d 0.026 0.020 0.023 0.026 0.020 0.017 0.006 0.044j 
28.42± 29.05± 29.70± 30.30± 30.79± 31.15± 31.56± 32.10± 32.68± SSF 1 0.035e 0.035 0.036 0.026 0.025 0.025 0.042 0.026 0.025k 
28.93± 29.76± 30.25± 30.74± 31.06± 31.28± 31.81± 32.21± 32.54± S6FI 0.046f 0.010 0.035 0.030 0.015 0.031 0.015 0.035 0.026L 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I =Lactobacillus brevis + Lactobacillus P!aIr±aru,n, S2=L. brevis + Laciococcus locus ssp. S3= L. 
planturum + L. lactis ssp. S4= L. brevis + ,Streptornvices griseus ssp. S5= L. plantarzun + S. griseus 
ssp. S6 =L. lactis ssp. + S. griseus ssp 
F'0-  20% fat level 
Figure 4.29: Evaluation of fat content of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
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Figure 4.30: Regression analysis of fat content of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2" C 
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Table 4.17: Evaluation of fat content of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
Sample j No. of Days 
code 0 15 30 45 60 75 90 105 120 
33.34+ 33.87± 34.40+ 34.91+ 35.34+ 35.81± 36.26+ 36.71+ 37.13± S 1F2 0.005a 0.006 0.015 0.006 0.029 0.015 0.044 0.055 0.006g 
32.31± 32.68± 33.11± 33.72± 34.26± 34.68± 35.16± 35.68± 36.18± S2F2 0.045b 0.017 0.035 0.010 0.025 0.070 0.031 0.010 0.01Oh 
S3F2 	i 31.93± 32.87± 33.13± 33.82± 34.27+ 34.81± 35.21± 35.81± 36.42± 0.025c 0.017 0.051 0.012 0.006 0.015 0.010 0.006 0.015i 
32.17± 32.60± 33.07± 33.65± 33.87± 34.41± 34.91± 35.37± 35.96± S4F2 0.015d 0.031 0.015 0.032 0.040 0.010 0.006 0.032 0.006j 
S5F2 31.61± 32.18± 32.51± 33.18} 33.61± 34.28± 34.87± 35.32± 36.16} 0.006e 0.010 0.006 0.0206 0.050 0.006 0.015 0.006 0.01Oh 
S6F2 33.07± 33.52± 34.12± 34.83± 35.18± 35.65± 35.89± 36.31± 36.87± 0.028f 0.012 0.055 0.017 0.061 0.036 0.021 0.015 0.015k 
Values are means of five replicates +SD: Means ith different letters differ significantly (p<0.05) 
St -Lactohacillus hrevis + Lactohacillus plantarutn, S2=1.. brevis + Lactococcus lactis ssp. S3= L. 
plantarur + L. lactis ssp. S4= L. hrevvis + Streptomvices griseus s.sp. S5= L. plantartim + S. griseus 
ssp. S6-L. lactic ssp. + S. griseus ssp 
F2- 25% fat level 
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Figure 4.31: Evaluation of fat content of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2" C 
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Figure 4.32: Regression analysis of fat content of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.2.7 Ash content 
Ash content represents the total mineral matter of the food products 
a) At 20% fat 
Table 4. 8, Figure 4.33 represents the results of ash content analysis of 
SDFS incorporated with 20% tat. In fresh condition, ash contents were found 
in the range oC 1.77-2.21"lu. During refrigerated storage (2° C) ash content 
increased slightly up to final range of 2.36-2.88% at the end of 120 days of 
storage. Different cultures of LAB fermentation, refrigerated storage and their 
interaction significantly (p<0.05) affected ash content of SDFS. 
b) At 25% fat 
I'here was a significant difference between all samples due to different 
starter cultures. Ash content values were in between of 2.36 and 2.81% in 
fresh condition (Table 4.19). A higher ash content, compared to raw meat was 
possibly resulted from salt and others additives added (Visessanguan et al., 
2005). Refrigerated storage significantly (p<0.05) increased the ash content of 
all samples. And that might be du to loss of moisture content during storage. 
The results of ash content evaluation of SDFS have been demonstrated in 
Figure 4.35. Different levels of fat consistently increased the ash content. Ash 
content of Turkish dry fermented sausage (Sucuk) fermented by using L.sake, 
S carnosus and S. xylosus as a starter culture was 4.68 % while it was 4.10% 
by using L. sake, S. xylosus and P. pentosaceus (Ensoy et al., 2010). 
The equation of regression lines and correlation coefficient of all 
samples with two levels of fat have been shown -on the regression graph (Fig 
4.34 & 4.36). The positive sign in the coefficients of x explains that there was 
constant increase of ash content during storage. The values of R' for all 
samples at two different levels of fat were in between 0,9448-0.9951. The 
values of R were very near to 1, thus the graph may be approximated to a 
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straight line and linear relation well fits between storage period and ash 
content values. 
Table 4.18: Evaluation of ash content of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
Sample No. of Days 
code 	0 15 30 45 60 75 90 105 120 
S 1 F 1 
1.87± 1.89± 1.94± 2.07± 2.12± 2.17± 2.27± 2.39± 2.45± 
0.005a 0.006 0.010 0.015 0.026 0.005 0.021 0.006 0.017g 
1.93f 1.99+ 2.03+ 2.11± 2.15± 2.19± 2.26± 2.30± 2.38+ 
S2F1 0.006b 0.020 0.005 0.026 0.006 0.010 0.017 0.005 0.017h 
2.18± 2.21± 2.26± 2.31± 2.42± 2.48± 2.53± 2.55± 2.62± 
S311 0.01Oc 0.005 0.010 0.012 0.006 0.006 0.005 0.006 0.01Oi 
1.771 1.83± 1.89± 1.95± 2.07± 2.14± 2.23± 2.29± 2.36± S4F 1 
0.026d 0.006 0.012 0.026 0.017 0.005 0.025 0.005 0.01 Oh 
2.21± 2.25± 2.29+ 2.35± 2.49± 2.57± 2.66± 2.81± 2.88± S5F1 0.005c 0.005 0.020 0.035 0.026 0.006 0.035 0.015 0.005j 
1 .98± 2.06± 2.11± 2.18± 2.24± 2.29± 2.33± 2.38± 2.41± S6Fl 
0.01 Of 0.010 0.005 0.017 0.010 0.006 0.026 0.005 0.006k 
Values are means of five replicates ±SD: Means with different letters differ significantly (p<0.05> 
S I --Guceohaei11us brevis + Lactobacillus pluttturum, S2=L. hrevis + Lueiot•oceu.e lc/is ssp. S3= L. 
plantaru n + L. locus ssp. S4= L. brevis + Strcptuntvees griseun ssp. S5- L. p/ufilarum 	S. griseus 
ssp. S6 =L. lae•fis 5sp. + S. griseus ssp 
Fl- 20% fat level 
Figure 4.33: Evaluation of ash content of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2" C 
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Figure 4.34: Regression analysis of ash content of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 20 C 
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Table 4.19: Evaluation of ash content of semi dried fermented sausages 
incorporated with 25% fat durint refri;?erated storage at 2" C 
Sample No. of Days  
code 0 15 30 45 60 75 90 105 120 
2.73± 2.75± 2.78± 2.82 2.84± 2.88± 2.90± 2.97± 2.99± S 1F2 0.003a 0.004 0.003 0.003 0.001 0.004 0.002 0.002 0.004g 
2.81± 2.83± 2.84-1 2.86± 2.88± 2.92± 2.93± 2.96± 3.03± S2F2 0.005b 0.003 0.003 0.002 0.004 0.003 0.002 0.004 0003h 
2.36± 2.37± 2.42± 2.46± 2.47± 2.51± 2.58± 2.62± 2.65± S312 0.002c 0.005 0.005 0.005 0.003 0.003 0.005 0.004 0.0051 
2.56± 2.59± 2.62± 2.66± 2.71± 2.74± 2.75± 2.79± 2.83+ S4F2 0.004d 0.003 0.004 0.004 0.005 0.007 0.003 0.006 0.004j 
2.46± 2.48± 2.53± 2.54± 2.58± 2.61± 2.65± 2.69± 2.71± S512 i 0.004c 0.004 0.002 0.005 0.006 0.004 0.007 0.005 0.005k 
2.65± 2.66± 2.68± 2.71± 2.73± 2.75± 2.77± 2.79± 2.81± S61`2 1 0.002f 0.002 0.002 0.004 0.002 0.005 0.003 0.003 0.0061, 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S 1 -Lcu•tohcrcillus brevis + Laclubac•illus plan larum. S2=L. hre 'i.c + Laciococcu.s luc•tis s.sj). S3- L. 
j)luflurum -- L. lcrclis ssp. S4= L. hrecis + Strc plomYces griseuv s.p. S5= L. plaii[Irum + S. griseus 
.S's/). S6 - /.. !uc ti.s ssp. + S. grisetis .ssp 
F2- 25% tat level 
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Figure 4.35: Evaluation of ash content of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.36: Regression analysis of ash content of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.3 Microbiological characteristics of fermented sausages during 
refrigerated storage 2° C. 
4.2.3.1 Total plate count (TPC) 
Total plate count of all samples of semi dry fermented sausages were 
enumerated in fresh condition and periodically after every 15 days during 
refrigerated storage. The results of total plate counts expressed as log cfu/g has 
been presented in Table 4.20 & 4.21. There was no count detected till 30 days. 
However, the countable colonies were noted on 45`" day of storage in both 
levels of fat. The results of 'IPC of SDFS during refrigerated storage have 
been demonstrated in Figures 4.37 & 4.39. Refrigerated storage significantly 
(p<0.05) increased the TPC of semi dry fermented sausages (SDFS). the total 
plate count was found to be in between 5.68 and-5.4l log efu/g and 5.83-6.51 
log cfu/g on 120' day of storage for samples prepared with 20% and 25% fat 
respectively. There was no clear noticeable effect of fat level on total plate 
count. Ahmad (2005), Ahmad & Srivastava (2007) and Liaquati & Srivastava 
(2010) reported that increasing levels of fat did not significantly (p<0.05) 
increase the log 'IPC/g values. Lowest values of log TPC/g have been 
recorded on samples inoculated by L. b revis + L. lactis ssp. in both levels of 
fat, while samples inoculated with L. lactis ssp. 1 S. griseus ssp scored the 
highest values of log TPC/g. A [ter 120 days of refrigerated storage (2" C) total 
plate count of all samples was found to be in the- safe limit. Ranken & Kill 
(1993) described that the spoilage condition which are detected when total 
plate count in 101 per g. the results are also in an agreement with Hytainen et 
al. (1975). Essory et al. (1985). Panda (1971) had also reported that when 
total viable count in meat tissue exceeds log I0/g off odour and slim start. As 
reported by Brooks et al. (2008) some authors stated that microbial population 
on raw beef must reach approximately 108 cfu/g to show tackiness when 
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touched. whereas others have claimed that proteolytic changes do not occur 
until bacterial populations are greater than 3.2X10`' efu/cm' are reached. The 
ANOVA result indicated that the different cultures of LAB fermentation 
significantly (p<0.05) affected total plate count of semi dry fermented 
sausages (SI)F S ). The results of antimicrobial production by the LAB strains 
during preliminary experiments showed that some strains produced higher 
amounts of organic acids than others (Olaoye, et al., 2010). Figures 4.38 & 
4.40 show the regression analysis of TPC of semi dried fermented sausages 
during refrigerated storage at (2° C) produced by 20 & 25% fat respectively. 
The equations of' regression and correlation coefficient (R2) have been shown 
in the regression graph it self. The positive sign in the coefficients of x 
explains that there was constant increase of T'PC during refrigerated storage 
Values of R were very close to 1. Thus the graph may be approximated to a 
straight line and linear relation well fits between storage period and TPC. 
Table 4.20: Evaluation of total plate count of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2" C  
Sample 	 -- 	No. of Days  
code 	0 	15 	30 	45 	60 	75 	90 	105 	120 
- - 3.88+ 	4.14± 	4.18± 	4.68± 	5.35± 	6.11± 
SI t- I 	II *IC a 	"I 1=1,C. 	I.F I ( 
0.009 0.012 0.020 0.021 0.015 0.008b 
3.84 4.11± 4.21± 4.78± 5.14± 5.68± 
S2F1 TFTC a TFTC TFTC 
0.028 0.030 0.015 0.013 0.021 0.021c 
3.93 4.31 4.35= 4.62= 5.70± 6.35± 
S3 F l (' F TC a l f: t ( i' 1= "t"C' 
0.018 0.014 0.012 0.018 0.021 0.009d 
3.95= 4.11+ 4.30± 4.56± 5.29± 6.11± 
S4 F l TFTC a TI1 C. 1}'.I.(. 
0.019 0.009 0.013 0.024 0.021 0.008b 
4.01 4.09± 4.16± 4.49± 5.41± 6.12± 
S5F 1 f l= f~' a l`F I C F F 1( 
0.009 0.034 0,QQ5 0.014 0.033 0.019b 
1.06± 4.2l- 4.43± 4.71± 5.83-= 6.41± 
S6f=I ~ 	a 1~H(, I I~ I C .1 	1-.1.C. 
0.040 0.006 0.014 0.015 0.018 0.016e 
Values are meanm of tine replicates -SI): Means with different letters differ significantly (p<0.05) 
Sl -I.ektuhUCilltt.c lwevbs + 1.UC`)h`ij 11uS pllAitara»t. S2 L. brevis + Luctocoi cu.S lucvi.v ssh. S3= L. 
plofuortfm + I. lactic .s.V). S4= L. kirevi.c + Streptonttre.s s,Jrisc us .c.tip. S5= L. planiaeum - S. gi- seus 
ss'p. S6 L. /aIrti., S,Vs . 1 S. eeixeeu. .s•.c p. F I = 20% fat level. TFTC = Too few to count 
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Figure 4.37: Evaluation of total plate count of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
7 
6.5 
6 
	
5 5 	 --S1F1 
u 5 ——S2F1  
o 	 --*— S 3 F 1 
4.5 
--S4F1 
4 	 — SSF1 
—'—S6F1 
3.5 
3. 
45 	 60 	 75 	 90 	 105 	 120 
Sorage periodd, Days 
Figure 4.38: Regression analysis of total plate count of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2° C 
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Table 4.21: Evaluation of total plate count of semi dried fermented sausages 
incorporates witn ZY ro rat curing rerrigeratea storage at z L 
Sample No. of Days 
code 0 15 30 45 60 75 90 105 120 
3.97+ 4.06+ 4.18± 4.67± 5.35+ 6.21± 
S 1 F2 TFTC a TFTC TFTC 
0.144 0.152 0.014 0.020 0.012 0.182bd 
3.94± 4.08± 4.2 1 ± 4.91± 5.14± 5.83± 
S2F2 TFTC a TFTC TFTC 
0.143 0.017 0.015 0.224 0.021 0.239c 
3.91± 4.16± 4.35± 4.67± 5.70+ 6.27± 
S 3F2 TFTC a "1'F"I'C "1'F'I'C' 0.008 0.206 0.012 0.042 0.021 0.140d 
3.95± 4.11± 4.30± 4.55± 5.29± 6.11± 
S4F2 TFTC a TFTC TFTC 0.018 0.010 0.014 0.024 0.021 0.007b 
4.01+ 4.11+ 4.14+ 4.49+ 5.41± 6.21± 
S5F2 I FTC a TFTC TFTC 
0.008 0.012 0.021 0.014 0.032 0.144bd 
4.04± 4.21± 4.53± 4.76± 5.83± 6.51± 
S6F2 1'F"I'C a TFTC TF"I'C 
0.040 0.006 0.167 0.074 0.019 0.163e 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
Si -Lactohueillus hre%'ic + Ladohaci/lus plcinicmtn, S2=L. brevis + Lco•!ocoet'us lactic ssp. S3= L. 
picurturum + L. lochs ssp. S4= L. hrevis + Streptomvices griseuc .ssp. S5= L. planiarum - S. gri.seus 
ssp. S6 =L. lactic .c.cp. + S. griseu.s S.SJ) 
F2= 25% fat level. TFTC = Too few to count 
Figure 4.39: Evaluation of total plate count of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.40: Regression analysis of total plate count of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2" C 
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4.2.3.2 Yeast and mold count 
The results of yeast and mold counts of sausages samples expressed as 
log cfu/g has been presented in Table 4.22-4.23. Yeast and mold count was 
not detected in sausage samples till 30 days of refrigerated storage (2° C). A 
very low count was observed at 45 h` day of storage. However, the countable 
colonies were noted on 60 h` day of storage in both levels of fat. The results of 
yeast and mold count of SDFS during refrigerated storage have been 
demonstrated in Figures 4.41 & 4.43. Refrigerated storage significantly 
(p<0.05) increased the yeast and mold count of semi dry fermented sausages 
(SDFS). The yeast and mold count was found to be in between 4.01 and 5.21 
log cfulg and 3.99-5.19 log cfu/g on 120 h` day of storage for samples produced 
by 20% and 25% fat respectively. There was no clear noticeable effect of fat 
level on yeast and mold count. Ahmad (2005), Ahmad & Srivastava (2007) 
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and Liaquati & Srivastava (2010) reported that increasing levels of fat did not 
significantly (p<0.05) increase the log Y & M Gg values. Lowest values of 
log Y & M C /g have been recorded on samples inoculated by L. breves + L. 
plantarum in both levels of fat, while samples inoculated with L. factis ssp. + 
S. griseus ssp. scored the highest values of log Y &Sw1 C/g. After 120 days of 
refrigerated storage (2° C) yeast and mold count of all samples was found to 
be more than 4 log cfulg. This particular value of yeast and mold count 
defined the spoilage condition. When log cfu/g of yeast and mold count 
increase to 4.0, spoilage of food samples starts (CQIASA, 2003). The 
ANOVA tests indicated that the different cultures of LAB fermentation, 
refrigerated storage and their interaction significantly (p<0.05) affected total 
plate count of semi dry fermented sausages (SDFS). Casaburi et al. (2007) 
observed that the growth of yeast and molds in Italian style sausages were 
controlled during storage after inoculation with LAB starter cultures. They 
concluded that it could be due to the antagonistic activities of the latter. 
Another study reported similar observations in a Turkish sausage after 
inoculation with LAB strains as protective cultures (Erkmen, 2008). Similarly, 
Olaoye & Onilude (2010) noted a reduction in the yeast and moulds counts in 
fresh beef after inoculation with LAB starters. 
Figures 4.42 & 4.44 show the regression analysis of yeast and mold 
count of semi dried fermented sausages during refrigerated storage at (2°C) 
prepared with 20% & 25% fat respectively. The equations of regression and 
correlation coefficient (R') have been shown in the regression graph it self. 
The positive sign in the coefficients of x explains that there was constant 
increase of yeast and mold count during refrigerated storage. Values of K2 
were very close to (. Thus the graph may be approximated to a straight line 
and linear relation well fits between storage period and yeast and mold count. 
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Table 4.22: Evaluation of yeast and mold count of semi dried fermented 
sausages incorporated with lu io rat uurig durin reirigeratea storage at /_ 	k-, 
Sample No. of Days 
code t 	0 15 30 45 60 75 90 105 120 
2.56± 3.16± 3.56± 3.82± 4.01± 
S1F1 ND a ND ND 'I'FTC 0.002 0.035 0.018 0.030 0.026b 
2.54± 3.03± 3.67± 3.92± 4.76± S?F 1 i ND a ND ND fI 'TC 
0.015 0.025 0.023 0.023 0.025c 
2.50± 2.79± 3.09± 3.88± 4.44± 
S3FI ND a ND NI) '1'}:•1•(' 0.021 0.018 0.065 0.024 0.033d 
2.58± 3.02± 3.59± 4.44± 4.93± 
S4F1 NDa N1) ND TFT C 
0.031 0.025 0.011 0.025 0.026e 
2.53-t 3.22± 3.93± 4.24± 5.07± S5F1 ND a ND ND TFTC 
0.015 0.022 0.021 0.030 0.056E 
2.48± 2.74± 3.29± 4.04± 5.21± S61:1 ND a N D N D "11=' f C 
0.008 0.040 0.018 0.033 0.030g 
Values are means of five replicates .+Sl); Means with different letters differ significantly (p<0.05) 
S I -Laciobucillus Kravis + Lcu•tuhueillus planturum, S2=L. brevis + Luc1oeoccus Iuctis ssp. S3= L. 
plxnturum + L. Icactis ssp. S4- L. brevis + Streptomvice.e griseus .csp. S5= L. planterunt + S. grisens 
ssp. S6 L. lnctis ssp. 4 ;. griseuc ssp 
Fl 20% fat level. "I F I C - Too few to count, NE)--  not detected 
Figure 4.41 Evaluation of yeast and mold count of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2° C 
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Figure 4.42: Regression analysis of yeast and mold count of SDFS 
incorporated with 20% fat during refrigerated storage at 2" C 
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Table 4.23: Evaluation of yeast and mold count of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
Sample No. of Days 
code 0 15 	30 	45 	60 75 90 105 120 
2.56± 3.14± 3.58± 3.80± 3.99± S 1 F? ND a ND 	NU 	TFTC 
0.023 0.030 0.007 0.012 0.010b 
2.53± 3.02± 3.67± 3.92± 4.75 
S-F NU a ND 	ND 	'l FTC 
0.015 0.021 0.010 0.023 0.023c 
2.51± 2.80± 3.05± 3.88± 4.42± S3 F2 ND a N D 	NIA 	T1' "1'C 
0.016 0.020 0.064 0.027 0.033d 
2.59± 3.02± 3.59± 4.46± 4.92± S4F2 	NI) a NI) 	ND 	TFTC 
0.031 0.025 0.011 0.010 0.012e 
2.53± 3.22t 3.93± 4.25 5.04± S5F2 	I NDa NI) 	NE) 	I F E C' 
0.015 0.023 0.022 0.018 0.047f 
2.48± 2.71± 3.28± 4 .06+ 5.19±  
5612 	NI) a N1) 	NI) 	"E'FT'(' 
0.009 0.024 0.021 0.011 0.008g 
Values are means of five replicates ±SD: Means with different letters differ significantl\ (p<0.0; ) 
S I =-LuetuhacilYl.s hrevi.gy + Luctohucilhis pIatr!urflm, S2 =L. Nrevis + Luctoeoccus Meti.s ssp. S3= L. 
planicrrum + L. Ictctis ssp. S4= L. hrevis + Slrepplr»nvices gri.ceus ssp. S5= L. pIcntictrum + S. grisetcs• 
ssp. S6 	L. lactic ssp. + S. grrsetcc ssp. 
F2= 25% fat level. TVFC - Too few to count, ND - not detected. 
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Figure 4.43: Evaluation of yeast and mold count of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.44: Regression analysis of yeast and mold count of SDFS 
incorporated with 2'5°'t', it d irin 	refrigerated storage at 2° C 
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4.2.3.3 Coliform count 
Coliform count of semi dried fermented sausages produced with 
different cultures of LAB fermentation was enumerated and it was found there 
was no sign of eoilorm bacteria on plates containing Maccnnkey agar ti11105t 
day of storage (2° C) in both levels of fat. However-coliform count was found 
to be in nit range of 2.05-2.43 log cfu/g after 105 days of storage (Tables 4.24 
& 425). There was no detectable effect of increasing fat level on coliform 
count. Refrigerated storage significantly (p<0.O5) increased the coliform count 
of a]I samples at both levels of fat. In the final stage of storage, coliform count 
was found to be in the range of 2.26-2.62 log cfulg (Figure 4.45-4.46). There 
was a significant (p<0.05) difference between samples due to the use of 
differen cultures of LAB. Lowest values of log coliform count/g have been 
recorded on samples inoculated by L. brevis + L. plantaru n in both levels of 
fat, while samples inoculated with L. brevis = L..tactis ssp. scored the highest 
values of' log coliform count/g. Adding starter culture accelerated the 
forniuimn of lactic acid during processing of fermented sausages leading to 
drop in pH of the products, thus inhabiting the growth of undesirable bacteria. 
Nazli (1999) investigated the effect of starter culture on the ripening of sncuk 
and reported that coliform bacteria count decreased from initial value of 7.2 
log dug to 2.84 log efu/g after 9 days of fermentation. Reduction in counts of 
enterohacteriaceae and Staphylococcus in meat has been also reported in other 
earlier studies (Gomolka- Pawlicka el al. 2004; Kahan & Kaya 2006; Olaoye 
&Onilude, 2010). Usually, the presence of total_colifonn in food indicates 
improper heat treatment or post processing contamination. Coliform are not 
usually pathogenic. They also indicate inadequate sanitation and disinfection 
of appliances (CQIASA, 2003). 
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Table 4.24: Evaluation of coliform count of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
Sample No. of Days 
code 0 15 30 45 60 75 90 105 120 
2.05± 2.26± 
SIFI ND a ND ND ND ND ND ND 0.022 0.036b 
2.43± 2.62± 
S2FI NDa ND ND ND ND ND ND 
0.025 0.015c 
2.20E 2.3)31 S3F 1 NDa ND ND NI) ND ND ND 
0.027 0.012d 
2.31± 2.44± S4F1 NDa ND ND NI) NI) ND N D 
0.032 0.018e 
2.09± 2.34E S5FI ND a ND ND ND ND ND ND 
0.020 0.020d 
2.17E 2.481 S6FI NDa ND ND ND ND ND ND 
0.033 0.014f 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I =Lactohacillus brevis + Lactobacillus plcmtarum, S2=L. brevis + Lactococcus lactic ssp. S3= L. 
planturum + L. lards ssp. S4= L. brevis + Streptomvices griseus ssp. S5= L. plantarura 4 S. griseus 
ssp. Sb -- L. lactic .wvp. + S. griseus ssp 
F 1= 20% fat level. ND = not detected. 
Figure 4.45: Evaluation of coliform count of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
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Table 4.25 Evaluation of coliform count of semi dried fermented sausages 
incorporated with 25% fat during, refrigerated storage at 2° C 
Sample No. of Days 
code 0 	15 	30 	45 	60 	75 	90 105 120 
2.07± 2.25± 
S1I:2 	ND a 	ND 	NI) 	N1) 	'III) 	ND 	D N 
0.022 0.041 b 
2.41 2.61± 
S2F2 	ND a 	ND 	ND 	ND 	NI) 	ND 	NI) 
0.028 0.006c 
2 22± 2.34± 
S3F2 	NDa 	ND 	ND 	ND 	ND 	ND 	ND 
0 .015 0.012d 
2.29± 2.43± 
S4F2 	NDa 	ND 	NI) 	ND 	ND 	ND 	ND 
0.013 0.018e 
2.1(} 2.34± S5F2 	NI) a 	ND 	ND 	ND 	NI) 	ND 	D N 
0.020 0.021d 
2.16f 2.481 S6F2 	ND a 	ND 	ND 	ND 	ND 	ND 	NI) 
L 0.017 0.015f 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I 	Lactobacillus hrevis + Luctohco.•ii1as J)lumaru,r. S2=L. brews + LacMueoceu1 Iucti.1 ssp. S3= L. 
plamcirumt + L. laths ssp. S4= L. hrevic + .S'treptotn 	gri.seus• ssp. S5= L. pImriat-mi t S. griseus 
.csp. S6 —L. kiNis ssp. + S. griseus ssp 
F 	? 5% tat level. ND = not detected. 
Figure 4.46: Evaluation of coliform count of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2" C 
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4.2.3.4 Salmonella shigella count 
Salmonella .'/ii,'cllci was not detected in all samples of semi dried 
fermented sausages at all during refrigerated storage (2° C) for 120 days. 
4.2.4 Sensory characteristics of fermented sausages during refrigerated 
storage 2° C 
Sensory characteristics of semi dry fermented sausages (SDFS) were 
conducted by a group of ten expert panelists on 9-point hedonic scale. 9' 
expressed liked extremely while ' I' expressed dislike extremely. Sensory 
characteristics were measured in terms of colour, flavour, texture, taste and 
juiciness. 
4.2.4.1 Colour 
The fermented sausages had bright red colour after smoking and 
subsequent drying. All the fresh fermented sausages samples with 20% and 
251:(' fat had the score values of colour between '8' and '9' (Tables 4.26 & 
4.27). It represented condition between liked very much & liked extremely. 
Different cultures of LAB fermentation did not significantly (p<0.05) affect 
the colour ,core values of fresh semi dried fermented sausages in both levels 
of fat. But the interaction between cultures and storage period significantly 
(p<0.05) affected the colour score values. At the end storage period, there was 
a significant effect of different cultures on the colour score values. Barbut 
(2010) reported that adding LAB did not cause any color change prior to 
fermentation, but resulted in a significant change after fermentation. The fact 
that fermentation males the product more red is well-known to meat 
processors. who sometimes use visual appearance to assess the progress of the 
fermentation process. This is usually done with some sort of subjective 
firmness evaluation (e.g., assessing firmness by touching/squeezing the 
product inside the casings) (Barbut, 2010). As mentioned before, texture and 
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color do change when the pH is lowered, as some of the proteins start to 
coagulate (Ngapo et al. 1996; Barbut, 2005). During refrigerated storage the 
score values of colour significantly (p<0.05) decreased (Figures 4.47 and 
4.49). After 120 days of storage. the highest scores for colour were given for 
samples inoculated with L. brel'is + L. plantarum. Zanardi et al. (2002) also 
found that slices of Milano-type sausages packed under vacuum showed a 
very marked increase in brown color from 53 to 60 clays during storage. The 
decline in colour scores during storage was due to lipid oxidation and 
subsequent oxidized compounds reacting with amino acids during non-
enzymatic browning of the product (CheNlan et al.. 1995). There was no 
noticeable effect for increasing the levels of fat on the colour score values of 
SDFS. Similarly, Ahmad (2005); Ahmad & Srivastava (2007); Liaquati & 
Srivastava (2O 10) reported that different levels of fat did not significantly 
(p<0.05) affect the colour score values. While. Papadima and Bloukas (1999) 
reported that storage time and fat level significantly affected the redness of 
Greek sausages. Figures (4.48 and 4.50) represent the linear regression of 
colour score values during storage period. The equation of regression line and 
correlation coefficients are shown on the regression graph. The negative sign 
in the coefficients of x explains that there was constant decrease of colour 
score values during storage period. The values of R2 for all samples at two 
different levels of fat were in between 0.9489-0.9944. which shows 
correlations are almost perfect and the graph may be approximated to a 
straight line. 
Table 4.26: l valuation of colour of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2"C_ 
Sample 	 No. of Days 
code 	0 	15 	30 	45 	60 	75 	90 	105 	120 
S l F 1 	S.5± 	7.9± 	7.7± 	7.6± 	7.4± 	7.1± 	6.8± 	6.6± 	6.3± 0.53a 0.88 0.48 0.52 0.52 0.57 0.42 0.51 0.48b 
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8.4± 7.8± 7.6± 7.4± 7.2± 7.1± 6.7± 6.4± 6.2± S 2 F 1 0.52a 0.63 0.51 0.70 0.42 0.32 0.48 0.51 0.42bc 
8.5± 8.1± 7.8± 7.6± 7.2± 6.7± 6.6± 6.3± 6.1± S3F1 0.53a 0.57 0.63 0.52 0.42 0.48 0.52 0.48 0.32bc 
8.4± 8.2± 7.7± 7.6± 7.2+ 6.8± 6.4± 6.1± 5.9± S4F 1 0.52a 0.42 0.48 0.69 0.63 0.63 0.52 0.57 0.31 bcd 
8.6± 8.2± 7.8± 7.5± 7.3± 6.7± 6.4± 6.1± 5.8± S5 F 1 0.41 a 0.42 0.42 0.85 0.48 0.82 0.52 0.88 0.42cd 
8.5± 8.1± 7.7± 7.5± 6.7± 6.4± 6.2± 5.8± 5.6± S6F 1 0.53a 0.32 0.48 0.52 _ 0.67 0.52 0.42 0.42 0.52d 
Values are means of ten replicates ±SD. Means with different letters differ significantly (p<0.05) 
S I =Lactohucillus brevis + Lisorbue•i//us pl(znturum, S2 =L. brevis + Luclocoecus lactis ssp. S3= L. 
plunturum + L. locus ssp. S4= L. brevis + Strepiomvces griseus ssp. S5= L. pluaturum - S. griseus 
ssp. S6-L. lactis ssp. + S. griseus .ssp 
F1 	20% fat level. 
Figure 4.47: Evaluation of colour of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
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Figure 4.48: Regression analysis of colour of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
q 
Table 4.27: Evaluation of colour of semi dried fermented sausages 
lncorooratect with 2J`'/o tat during retrigerated storage at 1- l; 
Sample No. Of Days 
code 0 15 30 45 60 75 90 105 120 
8.4± 8.0± 7.8± 7.5 = 7.3± 7.1± 6.8± 6.5± 6.4+ 
S 1 F_ I 	0.52a 0.81 0.63 0.53 0.48 0.57 0.42 0.53 0.52b 
8.5± 7.9± 7.5± 7.3± 7.2± 7.2± 6.6± 6.2± 6.1± 
S2F:, 
0.53a 0.74 0.53 0.82 0.42 0.42 0.52 0.63 0.32bc 
K.5± 8.0± 7.7± 7.5± 7.2± 6.5± 6.4~ 6.1± 6.0± 
SF ?  
0.53a 0.67 0.82 0.71 0.42 0.71 0.70 0.57 0.47bc 
8.4f 8.2± 7.8+ 7.5± 7.3± 6.8± 6.3± 6.1 ± 6.0-± 
S4F? 
0.52a 0.42 0.42 0.84 0.67 0.63 0.67 0.56 0.47bc 
8.5+ 8.2± 7.8± 7.4= 7.2+ 6.7+ 6.3± 6.1 f 5.9± 
SSF2 
0.53a 0.42 0.42 0.97 0.63 0.82 0.67 0.87 0.57hc 
8.4± 8.1+ 7.6± 7.5± 6.5± 6.3± 6.3± 5.8± 5.7± 
S6F ?  
0.49a 0.32 0.51 0.52 0.52 0.67 0.48 0.42 0.67c 
Values are means often replicates ±SD: Means with different letters differ significantly (p<0.05) 
Si - L ictuhucilluc hreti•i.c + La ctohcu•illus planiarum. S2=L. brevis + Lactococcu.s lc/is ssp. S3= L. 
planturum + L. locus .ssp. S4= L. hrevis + .V'trepwrnl'ce.s gri.ceus ssp. S5= L. plzentcrrum + S. griseus 
ssp. S6 L. locus ssp. + .S griseus s5h 
F2= 25% fat level 
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Figure 4.49: Evaluation 	of colour 	of semi 	dried 	fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.50: Regression analysis of colour of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.4.2 Flavour 
The characteristic flavour of fermented sausages mainly originates from 
the breakdown of carbohydrates, lipids, and proteins through the action of 
microbial and endogenous meat enzymes (Kaban & Kaya, 2009). The 
development of flavor is also influenced by several variables such as product 
formulation (especially spices), processing condition, and starter culture 
(Stahnke, 1994: Lucke, 1998; Toldra et al., 2001). 
In the present stud's. all the fresh fermented sausages samples with 20% 
and 25% fat had the score values of flavour between 8' and '9'. Tables 4.28 
& 4.29 represent the results of evaluation of flavour of semi dried fermented 
sausages incorporated with 20% and 25% fat during refrigerated storage. 
Different cultures of LAB fermentation did not significantly (p<0.05) affect 
the flavour score values of fresh semi dried fermented sausages in both levels 
of fat. But the interaction between cultures and storage period significantly 
(p<0.05) affected the flavour score values. At the end storage period, there 
was a noticeable effect of different cultures on the flavour score values. After 
120 days of storage, the highest scores for flavour were given for samples 
inoculated with L. brevis + L. plcrntaruFn. Vural (1998) reported that sensory 
evaluations indicated that sausages produced with starter cultures, especially 
P. uciclilactici, had better scores for appearance, color, flavor and general 
acceptability. This is in agreement with the reports of Berdague et al., (1993) 
and Witthuhn et al., (2004) who showed that the starter culture can be decisive 
for the sensory properties of the final product, since the ability of 
microorganisms to degrade amino acids to aroma compounds is highly strain 
dependent. The enzymatic and chemical phenomena involved in flavour 
generation include carbohydrate fermentation, lipolylis, proteolysis, lipid 
oxidation and amino acid catabolism. The biochemical changes can be 
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accelerated by the exogenous addition of different microorganisms and/or 
enzymes to the initial formulation (Lucke, 20(X). Talon et al., 2002 and Toldra 
et al., 2001). Also, the addition of Lactococcus luctis ssp. could result in a 
higher amount of free amino acids (Herranz et al., 2004). L. plantarutn CRL 
681 acidogenic metabolism not only assured hygienic quality of fermented 
sausages but increased free amino acids and peptides released from meat 
proteins (Fadda et al., 2010). The free and total amino acid increase indicates 
that Staphylococcus carnosus contributed to slightly greater enzymatic 
degradation of protein comparing with Pediococcus acidilactici & 
Staphylococcus xylosus when included in a starter culture inoculuins in 
fermented sausage manufacturing (Candogan et al., 2008). 
During refrigerated storage the score values of flavour significantly 
(p<0.05) decreased (Figures 4.51 and 4.53). The means score values of flavour 
in 1201h day of storage were in between of 5.4 and 6.4 for all samples. 
Kandeepan & Biswas (2007) reported that the flavour scores of buffalo meat 
decreased significantly (p<0.05) with increase in storage period. Karthikeyan 
et al. (2000) reported that the steep decline in flavour scores of caprine keema 
was attributed to the liberation of fatty acids (Branen, 1979), oxidation of fat 
(Santamaria et a1., 1992) and increased microbial load (Sahoo & Anjaneyulu, 
1997). However increasing levels of fat constantly increased the score values 
of flavour_ This is in agreement with the results of Ahmad (2005); Ahmad & 
Srivastava (2007) and Liaquati & Srivastava (2010). 
Figures (4.52 and 4.54) represent the linear regression of flavour score 
values of SDFS incorporated with 20% & 25% fat respectively during storage 
period. The equation of regression line and correlation coefficients are shown 
on the regression graph. The negative sign in the coefficients of x explains that 
there was constant decrease of flavour score values during storage period. The 
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values of R2 for all samples at two different levels of fat were in between 
0.918-0.9945, which shows correlations are almost perfect and the graph may 
be approximated to a straight line. 
Table 4.28: Evaluation of flavour of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
Sample 	1 No. of Days 
- 
code 0 15 30 45 60 75 90 105 120 
8.6± 8.4± 8.0± 7.7± 7.5± 7.3± 6.9± 6.5± 6.3± 
S 1 F 1 0.32a 0.52 0.67 0.48 0.53 0.67 0.57 0.72 0.71b 
8.5± 8.0± 7.7± 7.4± 7.3± 6.9± 6.7± 6.5± 6.0± 
S2FI 0.49a 0.41 0.47 0.66 0.48 0.44 0.48 0.50 0.55bc 
8.6± 8.3± 7.8± 7.8± 7.1± 6.7± 6.6± 6.4± 5.9± 
S..F1 0.41a 0.54 0.54 0.35 0.60 0.48 0.76 0.47 0.24bc 
8.5± 8.1± 7.6± 7.5± 7.1± 6.7± 6.5± 6.1± 5.8± S4F 1 
0.49a 0.55 0.46 0.86 0.37 0.71 0.55 0.49 0.34cd 
8.6± 8.4± 8.0± 7.5± 7.1+ 6.7± 6.3± 5.9± 5.7± S5 F 1 
0.39a 0.41 0.55 0.50 0.80 0.82 0.67 0.58 0.41 cd 
8.4± 8.2± 7.6± 7.5± 6.6± 6.3± 6.1± 5.8± 5.4± S6F 1 
0.58a 0.34 0.55 0.60 0.66 0.68 0.68 0.49 0.57d 
Values are means of ten replicates ±SD; Means with different letters differ significantly (p<0.0S) 
Si -1,attnhacilius brevis + Lactohacillus plantarum, S2=L. hrevis + Laclococcus lactic ssp. S3= L. 
pluntarurn + L. luclis ssp. S4= L. brevis + Strepwrnvices griseuc ssp. S5= L. plaw"rum + S. griseus 
ssp. S6 -L. lactic ssp. + S. griseus ssp. Fl 20% fat level. 
Figure 4.51: Evaluation of flavour of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C  
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Figure 4.52: Regression analysis of flavour of semi dried fermented sausages 
incorporated with 2o°,{) in during refrigerated storage at 2° C 
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Table 4.29: Evaluation of flavour of semi dried fermented sausages 
incoroorateo witn ZD ro rat aurina rerrieerateu storate at z L 
Sample 
code 0 15 30 45 
No. of Days 
60 75 90 105 120 
8.8± 8.5± 8.2± 7.9± 7.7± 7.5± 7.0± 6.7± 6.4± S 11 2 
0.22a 0.47 0.70 0.63 0.35 0.55 0.60 0.75 0.69b 
8.6± 8.0± 7.8± 7.5± 7.4+ 7.4± 6.8+ 6.6+ 6.1+ S2F2 
0.30a 0.64 0.59 0.81 0.70 0.75 0.54 0.51 0.55bc 
8.6± 8.3± 7.91 7.8± 7.3± 6.9± 6.7± 6.4± 6.0± 
SF 0.36a 0.54 0.67 0.45 0.60 0.24 0.79 0.47 0.24bc 
8.7+ 8.3± 7.7± 7.5± 7.2± 6.8± 6.6± 6.3± 5.9± S4F2 0.17a 0.59 0.48 0.86 0.44 0.71 0.44 0.48 0.21c 
8.7± 8.4± 8.1± 7.5± 7.2± 6.8± 6.5± 6.0± 6.0± SSI'2 
0.35a 0.41 0.70 0.50 0.95 0.91 0.75 0.41 0.37bc 
8.5-L 8.2± 7.71 7.6± 6.8± 6.6± 6.1± 6.0± 5.9± S6F2 0.50a 0.34 0.52 0.50 0.75 0.44 0.61 0.44 0.34c 
Values are means of ten replicates ±SD: Means . ith different letters differ significantly (p<0.0S) 
S I -Luctohucillus brevis + Lurtuhucillus plunturum. S2=L. brevis + Luciococcus lactic 5Sf). S3= L. 
plumarum + L. luclis ssp. S4= L. brevis + Sireplumrces gri.veus ssp. S5= L. plumurum • S. griseus 
ssf). S6 L. luctis .c.c/). + S. gri.seus .c.c/) 
F2= 25% fat level. 
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Figure 4.53: Evaluation of flavour of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2" C 
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Figure 4.54: Regression analysis of flavour of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.4.3 Texture 
Texture is a predominant element of the quality and acceptability of 
foods. It is perceived from sensory impressions of the physical properties of a 
material, its nature, composition and behaviour on deformation received from 
senses of touch, sight and hearing (Mathoniere of at., 2000). Tables 4.30 & 
4.31 represent the results of evaluation of texture of semi dried fermented 
sausages during refrigerated storage incorporated with 20% and 25% fat. The 
samples inoculated with L. brevis + S. griseus ssp. received the highest score 
of 85 and 8.7 for 20% and 25% fat respectively. Whereas the samples 
inoculated with L. plantarwn + L. Lactis ssp. were given the lowest scores of 
8.1 and 8.2. Different cultures of LAB fermentation significantly (p<0.05) 
affect the texture score values of semi dried fermented sausages in both levels 
of fat. The dominating lactic acid bacteria are known to produce acids, such as 
lactic, acetic and formic acids, the level of which, depending on genus, species 
and growth conditions, cause a decrease in pH (Botch et al., 1991). As 
mentioned before, texture and color do change when the pH is lowered, as 
some of the proteins start to coagulate (Ngapo et al. 1996; Barbut 2005). 
Lower pH in cooked salami-type sausages resulted in more disruption of 
protein coagulates formed during heating (Barbut, 2006). In this study, it had 
been noticed that there was a significant difference of pH between samples 
due to different starter cultures which lead to significant difference in texture 
score values. Similar results had been reported by Garcia et al. (2001) which 
indicated that different mould strains significantly affected the texture score 
values of dry fermented sausages. During refrigerated storage (2° C) the score 
values of texture of SDFS incorporated with 20%, and 25% fat significantly 
(p<0.05) decreased (Figures 4.55 and 4.57). The means score values of texture 
on 120th day of storage were in between of 5.3 and 6.5 for all samples. 
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Kandeepan et al., (2010) reported that ambient storage significantly (p<0.05) 
decreased the score values of texture of buffalo meat keema. It should be 
noted that the changes of other chemical contents such as protein, moisture, fat 
collagen and pH value during storage might result in the change of texture of 
cooked sausage (Doug et al., 2007). The significant decrease in texture during 
storage may be was due to changes in the disulphide bond and contents of 
amino acid (Santamaria et al., 1992). Increasing levels of fat constantly 
improved the score values of texture. This is in agreement with the results of 
Ahmad (2005), Ahmad & Srivastava (2007) and Liaquati & Srivastava (2010). 
The values of R2 for all samples at two different levels of fat were in between 
0.9702-0.9942, which shows correlations are almost perfect and the graph 
may be approximated to a straight line (Figures 4.56 and 4.58). 
Table 4.30: Evaluation of texture of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2°C 
Sample 
code 
No. of Days 
0 	15 	30 	45 	60 	75 	90 	105 120 
8.3± 8.1± 7.9± 7.7± 7.4± 7.1± 6.9± 6.6± 6.3± SIFT 0.48abc 0.16 0.31 0.41 0.41 0.21 0.21 0.46 0.42d 
8.4± 8.3± 8.1± 7.9± 7.5± 7.2± 6.9± 6.7± 6.4± S2F1 0.52cb 0.42 0.16 0.24 0.50 0.24 0.24 0.42 0.52d 
8.1± 7.9± 7.7± 7.1± 6.9± 6.5± 6.1± 6.0± 5.8± S3F1 0.15a 0.24 0.41 0.21 0.21 0.47 0.31 0.16 0.42e 
8.5± 8.4± 7.8± 7.5± 7.0± 6.5± 6.2± 6.0± 5.8± S4F1 0.53c 0.47 0.48 0.50 0.16 0.53 0.42 0.16 0.35e 
8.2± 7.9± 7.5± 7.2± 6.8± 6.7± 6.1± 5.8± 5.6± S5 F 1 0.34ab 0.24 0.49 0.42 0.42 0.47 0.16 0.35 0.44ef 
8.2± 7.8± 7.7± 6.9± 6.5± 6.1± 5.8± 5.5± 5.3± S6F 1 0.35abc 0.35 0.47 0.21 0.53 0.16 0.16 0.53 0.42f 
Values are means of ten replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I =Lactobacillus brevis + Lactobacillus plantanum, S2=L. brevis + Lactococcus lactis ssp. S3= L. 
planta rum + L. lactis ssp. S4= L. brevis + Streptomyces griseus ssp. S5= L pluntartun + S. griseus 
ssp. S6=L. lactis ssp. + S. griseus ssp 
F1= 20% fat level. 
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Figure 4.55: Evaluation of texture of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2" C 
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Figure 4.56: Regression analysis of texture of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
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Table 4.31: Evaluation of texture of semi dried fermented sausages 
lneorDoratea wan 	'o rat aurina rerrip-eratea storav-e at L L 
Sample 
code 0 15 30 45 
No. of Uays 
60 75 90 105 120 
8.5+ 8.2 t 8.1+ 7.8+ 7.5± 7.3± 7.2± 6.7± 6.4± 
S 1 F 2 
0.53ab 0.35 0.44 0.49 0.48 0.26 0.47 0.53 0.47c 
8.5± 8.4+ 8.2± 8.0+ 7.7± 7.2± 7.0± 6.9± 6.5± 
S2 F2 
0.53ab 0.47 0.34 0.41 0.67 0.35 0.41 0.53 0.50c 
8.3± 8.11 7.7± 7.4± 7.0± 6.7± 6.3± 6.1± 5.9± 
S 3F2 
0.42a 0.53 0.42 0.67 0.41 0.63 0.48 0.32 0.32de 
8.71- 8.5± 8.0f_ 7.6± 7.1± 6.6± 6.4± 6.1± 5.9± 
S4F2 
0.28h 0.50 0.53 0.50 0.32 0.52 0.52 0.37 0.2 l de 
8.3+ 8.0- 7.7{ 7.3+ 6.9+ 6.8± 6.2± 6.2+ 6.1± S5 F2  
0.42ah 0.41 0.67 0.48 0.39 0.59 0.34 0.47 0.72cd 
8.3± 7.9± 7.8± 7.1± 6.7± 6.2± 6.0± 5.81 5.6± 
S61 2 
0.35ab 0.24 0.63 0.28 0.82 0.34 0.33 0.48 0.39e 
Values are means of ten replicates ±Sl): Means with different letters differ significantly (p<0.05) 
S I =Laeiobacilluc hrevis + Lurtohucillux plcniiaru,n, S2=1.. brevis + Laclocuccus locus ssp. S3- L. 
p/cinruruitr + L. lactic .s.sp. S4= L. bre►'is + Slrep!oinvces griseus ssp. S5= L. pinItiurtun + S. griseus 
ssp. S6 - L. locus .ssp. + S. griseus ssp 
F2= 25% fat level. 
Figure 4.37: Evaluation of texture of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2°C 
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Figure 4.58: Regression analysis of texture of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
9.0 
y = -0.0251x + 8.6978 	Y ~ -0.0173x 
+ 8.5256 
0.9858 	
RZ = 
Rz = 	 0.9868 
8.5  ♦ 51F2 
80 y=-0.0201x+8.2367 0 	52F2 
R2= 0.9714 A 	S3F2 
> 7.5 54F2 
O 70 • S5F2 U 
Y = -0.0237x + 8.2233 • 56F2 
' RZ = 0.9702 	
A Linear (51F2) X 
6.0 • Linear(52F2) 
y = -0.0209x + 8.3011 
Y = -0.0176x + 8.6256 	 • Linear (S3F2) 5.5 R2=0.9924 
R2 = 0.9823 Linear (S4F2) 
5.0 Linear (55F2) 
0 15 	30 	45 	60 	75 	90 	105 	120 Linear (S6F2) 
Storage period, Days 
4.2.4.4 Taste 
Tables 4.32 & 4.33 represent the results of evaluation of taste of semi 
dried fermented sausages incorporated with 20% and 25% fat during 
refrigerated storage. All the fresh fermented sausages samples with 20% and 
25% fat had the score values of taste between `8' and `9'. It represented 
condition between liked very much & liked extremely. Diffierent cultures of 
LAB fermentation did not significantly (p<0.05) affect the taste score values 
of fresh semi dried fermented sausages in both levels of fat. But the interaction 
between cultures and storage period significantly (p<0.05) affected the taste 
score values. At the end storage period, there was a significant effect of 
different cultures on the taste score values. This might be due different pH and 
TBA number values. Similarly, Nassu et al. (2002) reported that the use of 
different starter cultures in processing of goat meat fermented sausages has no 
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significant effect (p<0.05) on taste and another sensory attributes in fresh 
conditions. While, Garcia et al. (2001) reported that different mould strains 
significantly affected the taste score values of dry fermented sausages. Garcia 
et al. (2001) found that the batch inoculated with P. nalgiovense allocated the 
lowest scores (4.8), while the batches inoculated with Mucor and Penicillium-
3 were the best evaluated (7.4 and 7.1 respectively). During refrigerated 
storage (2° C) the score values of taste significantly (p<0.05) decreased 
(Figures 4.59 and 4.61). Similarly, Balev et al. (2011) reported that sensory 
evaluated taste decreased steadily during chilled storage. However, the means 
score values of taste on 120 h day of storage were in between of 5.7 and 7.2 for 
all samples. Samples inoculated with L. brevis + L. plantarum significantly 
(pc0.05) scored the highest value for taste among all samples (7.1 & 7.2) for 
20% & 25% fat respectively. While lowest score values were given to the 
sample inoculated with L. plantarum + S. griseus ssp. Increasing fat levels 
improved the score values of taste of all samples. This is in agreement with 
Muguerza et al. (2002) who have reported that low fat fermented sausages had 
lower taste score values, while Mendoza el al. (2001) reported that low fat 
fermented sausages had higher taste score values. 
Figures (4.60 and 4.62) represent the linear regression of taste score 
values of semi dried fermented sausages incorporated with 20% and 25% fat 
during storage period. The equation of regression line and correlation 
coefficients are shown on the regression graph. The negative sign in the 
coefficients of x explains that there was constant decrease of flavour score 
values during storage period. The values of Rz for samples produced with 20% 
fat were in the range of 0.9532-0.9882, while it was in the range of 0.9489-
0.9938 for 25% fat incorporation. The values of R` show correlations are 
almost perfect and the graph may be approximated to a straight line. 
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Table 4.32: Evaluation of taste of semi dried fermented sausages incorporated 
with 20% fat during refrigerated storage at 2° C 
Sample No. of Days 
cods 0 15 30 45 60 75 90 105 120 
8.6± 8.5± 8.5± 8.3± 8.1± 7.9± 7.6± 7.4± 7.1± S 1 F 1 0.29a 0.49 0.44 0.42 0.16 0.21 0.44 0.41 0.16b 
8.5± 8.4± 8.4± 7.7± 7.6± 7.4± 7.1± 6.9± 6.7± S2 F 1 0.50a 047 0.41 0.48 0.50 0.41 0.21 0.24 0.41c 
8.5± 8.3± 8.1+ 7.7± 7.5± 7.0-1 6.8+ 6.2± 6.0+ '3F1    0.50a 0.48 0.32 0.48 0.44 0.16 0.35 0.34 0.16d 
8.3± 8.2± 8.1± 7.6± 7.2± 6.8± 6.4± 5.9± 5.5± S4F 1 0.48a 0.34 0.16 0.52 0.24 0.26 0.24 0.21 0.50e 
8.6± 8.4± 8.2± 7.9± 7.2± 6.8± 6.4± 6.0± 5.4± S S F 1 0.30a 0.41 024 0.21 0.24 0.42 0.34 0.16 0.41 e 
8.3± 8.1± 7.6± 7.3± 7.1± 6.5± 6.1± 5.7± 5.6± S6F1 0.42a 0.16 0.50 0.35 0.16 0.50 0.16 0.41 0.44e 
Values are means of ten replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I =Laciohaci!/us brevic + Luctvhacillus planturum, S2=L. brevis + Lactococe s lactis ssp. S3= L. 
plantarum + L. lactic ssp. S4= L. hrevis• + Streptvmvices g'riseu.s ssp. S5= L. planturunt + S. griseus 
5s/). S6 =L. lactic .ssp. + S. griseuv ssp 
F I = 20% fat level. 
Figure 4.59: Evaluation of taste of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
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Figure 4.60: Regression analysis of taste of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2" C 
9.0 
y = -0.0249x + 8.5711 Y = -0.0274x4-8.8189    
R2=0.9792    
R=0.9777 
8.5 ♦ S1F1 
y = -00242x+83256 
52 F 1 
8.0 R2 = 0.9882 
♦ S3F1 
7.5 
S4F1 
70 ♦ I 	S5F1 
O 
o 
N y=-0.0161x+8.5556 • 56F1 
0) 6.5 R2 = 0.9656 
Linear(S1F1) 
Y0.0127x+8.7189 
6.0 RI= 0.9532 Linear (S2F1) 
S.5 
 
y = -0.0221x + 8.6378 • 
Linear (S3F1)
R2 = 0.9831 Linear (S4F1) 
5.0 Linear (SSF1) 
0 15 	30 	45 	60 	75 90 	105 	120 Linear (S6F1) 
Storage perior, Days 
Table 4.33 Evaluation of taste of semi dried fermented sausages incorporated 
with 25% fat during refrigerated storage at 2° C _ 
Sample No. of Days 
code 0 15 30 45 60 75 90 105 120 
8.7± 8.6± 8.6± 8.4± 8.2± 8.1± 7.7± 7.4± 7.2± 
S 1 F2 
0.22a 0.44 0.44 0.41 0.35 0.28 0.41 0.46 0.34b 
8.6± 8.4± 8.4± 7.8± 7.6± 7.5i 7.1+ 6.9± 6.8± 
S2F2 
0.30a 0.49 0.39 0.59 0.57 0.44 0.21 0.32 0.35c 
8.6± 8.4± 8.2± 7.8± 7.6± 7.2± 6.9± 6.2± 6.1± 
S 3 F2 
0.44a 0.47 0.34 0.42 0.59 0.41 0.21 0.34 0.39d 
8.5+ 8.3± 8.2+ 7.7-± 7.3± 6.9± 6.4± 6.1± 5.7± 
S4F2 
0.53a 0.42 0.34 0.58 0.26 0.24 0.32 0.37 0.47e 
8.6± 8.4± 8.2± 8.0+ 7.3± 7.0± 6.5± 6.1± 5.6± 
S5F2 
0.36a 0.39 0.24 0.28 0.35 0.50 0.37 0.32 0.46e 
8.4± 8.2± 7.7± 7.4± 7.1± 6.6± 6.2± 5.9± 5.7± 
S6F2 
 0.46a 0.34 0.48 0.41 0.16 0.57 0.34 0.52 0.35e 
Values are means of ten replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I 	Lactobacillus brevis + Luctrohucil/us plunturum, S2=L. brevis + Lactococciev locus ssp. S3= L. 
plunturum + L. luctis s.sp. S4= L. brevi.c + Streptamvice.c gris•eus s.sp. S5= L. pluntururn + S. grisetty 
ssf). S6- L. lacti.s scp. + S. griseus ssp 
F2= 25% fat level. 
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Figure 4.61: Evaluation of taste of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.62: Regression analysis of taste of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.4.5 Juiciness 
Tables 4.34 & 4.35 represent the results of evaluation of juiciness of 
semi dried fermented sausages incorporated with 20% and 25% fat during 
refrigerated storage. All the fresh fermented sausages samples with 20% and 
25% fat had the score values of juiciness between 8' and `9'. It represented 
condition between liked very much & liked extremely. Different cultures of 
LAB fermentation did not significantly (p<0.05) affect the juiciness score 
values of fresh semi dried fermented sausages in both levels of fat. But the 
interaction between cultures and storage period significantly (p<0.05) affected 
the juiciness score values. At the end storage period, there was a significant 
effect of different cultures on the juiciness score values. During refrigerated 
storage (2° C) the score values of juiciness significantly (p<0.05) decreased 
due to the loss of moisture content during refrigerated storage (Figures 4.63 
and 4.65). However, the means score values of juiciness on 120 x`' day of 
storage were in between of 5.4 and 6.3 for all samples. Increasing fat levels 
improved the score values of juiciness of all samples. Mendoza et al. (2001) 
who have reported that low fat fermented sausages had lower juiciness score 
values. This is in agreement with the results of Ahmad (2005), Ahmad & 
Srivastava (2007) and Liaquati & Srivastava (2010). 
Figures (4.64 and 4.66) represent the linear regression of juiciness score 
values of semi dried fermented sausages incorporated with 20% and 25% fat 
during storage period. The equation of regression line and correlation 
coefficients are shown on the regression graph. The negative sign in the 
coefficients of x explains that there was constant decrease of juiciness score 
values during storage period. The values of R` for all samples at two different 
levels of fat were in between 0.9447-0.9929, which shows correlations are 
almost perfect and the graph may be approximated to a straight line. 
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Table 4.34: Evaluation of juiciness of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
Sample 
No. of Days 
code 0 15 30 45 60 75 90 105 120 
SIFI 8.2± 8.1+ 
7.9+ 7.6± 7.3± 7.1f 6.9± 6.5± 6.2± 
0.34a 0.16 0.34 0.50 0.48 0.32 0.34 0.50 0.24d 
8.1± 7.9± 7.5± 7.3± S2I-.1 7.2± 7.0± 6.4± 6.2+ 6.1± 0.16a 0.32 0.49 0.42 0.24 0.16 0.52 0.34 0.16de 
8.31 8.1± 8.0± 7.2± 6.8± 6.3± 6.0± 5.6± 5.5± S3FI 
0.48a 0.21 0.16 0.34 0.26 0.26 0.16 0.25 0.53fg 
8.3+ 8.3± 8.1± 8.0± 7.5± 6.9± 6.5± 6.1± 5.8± S4FI 
0.47a 0.48 0.21 0.16 0.50 0.32 0.52 0.16 0.42ef 
8.4± 8.4± 8.1± 7.5± 7.0± 6.6± 6.1± 5.6± 5.4± SSFI 
0.52a 0.47 0.16 0.49 0.16 0.50 0.15 0.44 0.41g 
8.4± 8.4± 8.1± 7.5± 7.3± 7.0± 6.3± 5.9± 5.6± S6FI 
0.53a 0.47 0.32 0.53 0.26 0.16 0.48 0.34 0.44fg 
Values are means of ten replicates ±Sl): Means with different letters differ significantly (p<0.05) 
S I Lactobacillus brevis + Luciobacillus pluniarum, S2=L. brevis + Luctococcus luctis ssp. S3= L. 
plunturum + L. lactis ssp. S4= L. brevis + Streptomyces griseus ssp. S5= L. planiarum + S. griseus 
ssp. S6=L. lactis ssp. + S. griseus ssp 
F1 20% fat level. 
Figure 4.63: Evaluation of juiciness of semi dried fermented sausages 
incorporated with 20% fat during refrigerated storage at 2° C 
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Figure 4.64: Regression analysis of juiciness of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2° C 
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Table 4.35: Evaluation of juiciness of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage 
No. of Days 
at 2° C 
Sample 
code 0 15 30 45 60 75 90 100 120 
8.4± 8.2± 8.0± 7.8: 7.4± 7.3± 7.0± 6.6± 6.3± S 1 F2 0.46a 0.35 0.47 0.67 0.69 0.42 0.50 0.61 0.34b 
S2F. 8.3+ 8.1± 7.7± 7.5± 7.3+ 7.1{ 6.6± 6.3± 6.2± 
0.42a 0.39 0.75 0.55 0.42 0.39 0.44 0.42 0.35bc 
8.5± 8.3± 8.1± 7.4± 6.9± 6.4± 6.2± 6.11 6.0± S3F2 0.47a 0.35 0.39 0.47 0.52 0.41 0.34 0.16 0.33bcd 
8.5± 8.4± 8.2± 8.1± 7.6+ 7.1± 6.7± 6.3* 6.0+ S4F2 0.44a 0.47 0.35 0.37 0.46 0.44 0.42 0.35 0.24bcd 
8.6± 8.5± 8.2± 7.6± 7.2± 6.7± 6.2± 5.9± 5.8± S 5 F2 0.32a 0.44 0.35 0.52 0.48 0.67 0.35 0.46 0.83b 
8.6± 8.4-t 8.2± 7.6± 7.4± 7.1± 6.5± 6.2± 5.8± S6F2 0.36a 0.45 0.34 0.46 0.34 0.28 0.67 0.47 0.59bc 
Values are means of ten replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I -Lactohacillus brevis + Lactobacillus plantarum. S2=L. brevis + Laclucoccus lactis ssp. S3= L. 
plunicmcm + L. fat us ssp. S4= L. brevis + Streptomvices griseus ssp. S5= L. planturum + S. griseus 
ssp. S6 - L. lactis ssp. + S. griseus S.cp 
F2= 25% fat level. 
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Figure 4.65: Evaluation of juiciness of semi dried fermented sausages 
incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.66: Regression analysis of juiciness of semi dried fermented 
sausages incorporated with 25% fat during, refrigerated storage at 2°C 
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4.2.5 Instrumental texture analysis (TPA) 
Texture characteristics of semi dry fermented sausages incorporated 
with 20% and 25% were evaluated in fresh condition and after constant 
intervals of 30 days for four months of refrigerated storage (2° C) under 
atmospheric packaging (Figure 4.91-4.150). 
4.2.5.1 Hardness 
The hardness of sausage is a measurement of maturation degree because 
it is related to the denaturation and gelation of meat proteins and to loss of 
water (Wu et al., 2010). Hardness as described by Bourne (1978) is the 
maximum force required to compress the sample (peak force of the first 
compression of the product). Tables 4.36 & 4.37 represent the results of 
instrumental hardness of semi dried fermented sausages, incorporated with 
20% and 25% fat respectively, during refrigerated storage (2° C). Different 
cultures of LAB fermentation significantly (p<0.05) affected the hardness of 
fresh semi dried fermented sausages in both levels of fat. Samples inoculated 
with L. brevis + L. plantorum significantly (p<0.05) recorded the highest 
hardness among all samples (772.8 g & 682.4 g) for 20% & 25% fat 
respectively. While lowest hardness values were recorded with the sample 
inoculated with L. brevis + S. griseus ssp. (396.8 g & 320.4 g). This is in 
agreement with Perez-Chabela et al. (2008) who reported that hardness was 
significantly affected (p<0.05) by the kind of lactic acid bacteria strain ino-
culated. Differences in sausage hardness could be due to different quantities of 
lactic acid produced. A different amount of acidity in sausages treated with 
starters could denature the myotibrillar protein following rapid drying, which 
led to a difference in the hardness of the sausages (Hu et al., 2007). Barbut 
(2006) reported that lower pH in cooked salami-type sausages resulted in 
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more disruption of protein coagulates formed during heating, producing a less 
dense structure, reflected in lower hardness values. A decrease in the values of 
peak force indicated the improvement in tenderness of sausages samples with 
increasing levels of fat. Iland et al. (1987) found that low-fat frankfurters 
required 1.3 times as much force to shear than frankfurters containing a higher 
fat level. The influence of fat level on the texture of sausage has been reported 
by Candogan & Kotsurici (2003) and Hensley & Hand (1995), who noted that 
hardness was correlated with fat content. Refrigerated storage significantly 
(p<0.05) increased the hardness of all samples. And that might be due to loss 
of moisture content during storage. The negative cot-relation between moisture 
content and hardness of the cooked sausage found in this study were similar to 
the report of dry-cured hams by Virgili et al. U995) and Monin et al. (1997). 
The results of hardness of SDFS have been demonstrated in Figures 4.67 & 
4.69. Hardness increase during refrigerated storage of frankfurters, and other 
food emulsions had been previously described and related to the process of 
emulsion destabilization due to water and fat separation from the protein 
matrix (Fernandez-Gines et al., 2003; Fernandez-Lopez et al., 2004). Similar 
results had been reported by Estdvez et al. (2005). Dong et al. (2007) and 
Liaquati & Srivastava (2010). 
The equation of regression lines and correlation coefficient of all 
sausages samples with two levels of fat have been shown on the regression 
graph (Fig 4.68 & 4.70). The positive sign in the coefficients of x explains that 
there was constant increase hardness of SDFS during storage. The values of 
R2 for all samples at two different levels of fat were in between 0.9492-0.9956 
and 0.9468-0.9866 for 20% and 25% fat respectively. The values of RZ were 
very near to I, thus the graph may be approximated to a straight line and linear 
relation well fits between the hardness of SDFS and storage period. 
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Table 4.36: Texture analysis for the measurement of hardness of SDFS 
produced by 20% fat during refrigerated storage 20 C 
Sample No. of Days 
code 0 30 60 90 120 
S 1 F 1 772.8±6.63a 1484.4±8.51 1965.8±9.91 2217.4±12.04 291 1.1±15.22g 
S2F 1 451.9±3.21b 847.2±6.02 1441.7±5.32 1937±9.01 2199.3±12.07h 
S3FI 546.1±5.22c 710.9±6.77 1101±5.97 1432.8±7.15 2128.3±11.26i 
S4F 1 396.8±3.39d 797.9±4.41 1054.8±7.83 1903.7±9.95 2005.4±13.73] 
S5F1 665.8±6.61e 1122.1±8.54 1485.8±9.82 2071.6±13.57 2465.9±14.22k 
S6F I 590.5±4.44f 747.6±6.75 1287.5±8.07 1738.2±8.15 2174.4±11.88L 
Values are means of five replicates ±SD: Means with different letters differ significantly (p<0.05) 
S I - Luctubucilluc brevis + Luctobacillus plantarum, S2=L. brevis + Lactucoccus luciis ssp. S3= L. 
plantarum + L. lactic ssp. S4= L. hrevi,c + .Streptomvicec gri.ceus .ssp. S5= L. plantarum -- S. griwus 
ssp. S6 - L. lactis ssp. + S. griseus ssp 
F I - 20% fat level. 
Figure 4.67: Texture analysis for the measurement of hardness of SDFS 
produced by 20% fat during refrigerated storage 2" C 
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Figure 4.68: Regression analysis of hardness of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2" C 
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Table 4.37: Texture analysis for the measurement of hardness of SDFS 
produced by 25% fat during refrigerated storage 2° C 
Sample No. of Days 
code 0 30 60 90 120 
S 1 F2 682.4±3.95a 1251.3±5.61 1649.9±7.79 1902±9.57 2702.5±15.84g 
S2F2 343.8±2.73b 627.6±4.61 1075.6±5.55 1589±8.61 2155.4±1 1.01 h 
S3 F2 359.3±3.41c 636.1±3.71 1184.1±5.89  1800.8±9.21 2315.9± 13.60i 
5412 320.4±4.22d 699.6±4.87 1596.2±7.45 1807.2±7.79 2112.6±1 1.41j 
S5F2 567.6±5.60c 729.6±5.66 1649.9±7.73 1946.2±9.91 2606.7±16.75k 
S6F2 472.8±4.82f 613±4.49 1079.4±6.87 1964.9±10.10 2380.5±13.15I. 
Values are means of five replicates ±SD: Means with different letters differ significantly (p<0.05) 
S I =Luctobueillu.ti brevis + Lactobacillus plunturum. S2=L. brevis + Luctococcus luctis ssp. S3= L. 
plunturum + L. luciis ssp. S4= L. brevis + Slreptomvices gri.seus .s'sp. S5= L. planturum + S. griseus 
ssp. S6—L. lucti.ti ssp. + .S. griseus ssp 
F2= 25% fat level. 
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Figure 4.69: Texture analysis for the measurement of hardness of SDFS 
produced by 25% fat during refrigerated storage 2° C 
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Figure 4.70: Regression analysis of hardness of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.5.2 Cohesiveness 
Cohesiveness represents the strength of the internal bonds making up 
the body of semi dry fermented sausages (Ruiz de Huidobro, 2005). The 
values of cohesiveness for all samples at two different levels of fat were in 
between 2.04-2.57 and 2.13-2.55 for 20% and 25% fat respectively (Table 
4.38 & 4.39). There was a significant (p<0.05) effect on cohesiveness due to 
the use of different LAB starter cultures. This might be due to proteolytic 
activity caused by the inoculated strains (Perez-Chabela et al., 2008). 
Increasing fat content have on specific effect on the cohesiveness of SDFS 
where it increased the cohesiveness in some samples and decreased it in 
others. Olivares et al. (2010) reported that the sausages with lower fat content 
showed a significant higher value of cohesiveness and chewiness but only 
when they were analyzed in slice shape. Figures 4.71 & 4.73 represent the 
results of cohesiveness of semi dried fermented sausages incorporated with 
20% and 25% fat respectively during refrigerated storage (2° C). Refrigerated 
storage significantly (p<0.05) decreased the cohesiveness of all samples. The 
cohesiveness of SDFS after 120 days of storage was in between of 0.64 and 
1.69 (Table 4.38 & 4.39). These results are in agreement with Estevez et al. 
(2005) and Dong et al. (2007), who also reported a decrease of cohesiveness 
during refrigerated storage was observed. 
Figures 4.72 and 4.74 show the regression analysis of cohesiveness of 
semi dried fermented sausages incorporated with 20 & 25% fat respectively 
during refrigerated storage at 2° C. The equations of regression and correlation 
coefficient (R2) have been shown in the regression graph it self. Lowest value 
of R2 had been recorded in the samples inoculated with L. brevis — S. griseus 
sip. (R2= 0.5379), while samples inoculated with L. lactis sxp. + S. griseus 
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ssp. recorded the highest value (R2= 0.9485) in the samples produced by 20% 
fat. At 25% fat, the values of R2 were in between of 0.8673 and 0.9972. 
Table 4.38: Texture analysis for the measurement of cohesiveness of SDFS 
produced by 20% fat during refrigerated storage 2° C 
Sample 	 No. of Days 
code 0 	30 	60 	90 	120 
S 1 F 1 	2.57±0.01 1 a 	2.49±0.013 	1.2710.015 	1.60±0.024 	1.68±0.008eg 
S2F 1 	; 2.55±0.017a 	1.93±0.028 	1.91±0.009 	1.36±0.018 	1.26±0.01 Sf 
S3 F 1 	2.31±0.009b 	1.91±0.014 	1.84±0.027 	1.41±0.011 	1.69±0.025g 
S4F 1 	2.04±0.027c 	1.76±0.026 	1.53±0.014 	1.48±0.017 	1.59±0.026e 
S5171 2.18±0.025d 2.23±0.018 1.40±0.026 1.2910.029 1.61±0.013e 
S6F 1 	2.13±0.012d 	1.98±0.015 	1.95±0.012 	1.76±0.017 	1.55±0.014e 
Values are means of five replicates ±SD; Means %kith different letters differ significantly (p<0.05) 
S I =Lactobacillus hrevis + Lactobacillus plantaru n. S2=L. brevis + Lact4eDceuv lue1is ssp. S3= L. 
plunlarum + L. lactis .asp. S4= L. brevis + Streptumvices griseus ssp. S5= L. planlarum , S. griseus 
ssp. S6—L. lads ssp. + S. griseus ssp. 
Fl= 20% fat level. 
Figure 4.71: Texture analysis for the measurement of cohesiveness of SDFS 
produced by 20% fat during refrigerated storage 2° C 
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Figure 4.72: Regression analysis of cohesiveness of semi dried fermented 
sausages incorpomtcd v. ith ` 0% fat during refrigerated storage at 2° C 
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Table 4.39: Texture analysis for the measurement of cohesiveness of SDFS 
roduced by 25"/o tat during retrlwerated storat?e 2" C 
Sample 
No. of Days 
code  0 
2.21±0.009a 
30 
1.80±0.014 
60 
1.70±0.009 
90 
1.22±0.025 
120 
1.06±0.026e S 1)✓ 2 
S2F2 2.55±0.02 1 b 1.66±0.023 1.61±0.011 1.17±0.021 0.64±0.014f 
S3F2 2.54±0.014cb 2.5310.012 1.85±0.014 1.57±0.028 1.35±0.009g 
S4F2 2.43±0.026c 1.85±0.009 1.67+0.016 1.54±0.023 1.1 1 ±0.020eh 
S5F2 2.41±0.017c 2.54±0.020 1.70±0.026 1.28±0.014 1.22±0.022h 
S6F2 2.13±0.01 1 a 1.89±0.028 1.67±0.019 1.38±0.009 1.10±0.027e 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<O.OS) 
S I — Lactobacillus brevis + LacdohuciJIus planiarum. S2=L. brevis + Lod0coccus locus ssp. S3= L. 
plunturum + 1.. lcrcti.s ssp. S4= L. brevis + .SYreptcmyee.s gJriseus s.sp. S5= L. plcmturum + S. griseus 
.s.tip. S6=L. lucti.S s.Sp. + S. gri.seus 5sp 
F2= 250/6 fat level. 
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Figure 4.73: Texture analysis for the measurement of cohesiveness of SDFS 
produced by 25% fat during refrigerated storage 2° C 
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Figure 4.74: Regression analysis of cohesiveness of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.5.3 Springiness 
Springiness and chewiness are primary mechanical parameters that can 
be used to characterize the texture properties of sausage (Hu et al., 2007). 
Springiness was described as the height (mm) of the sausage recovered 
between the end of first bite of compression and the start of second bite of 
compression (Choi et al., 2003). Tables 4.40 & 4.41 represent the results of 
instrumental springiness of semi dried fermented sausages incorporated with 
20% and 25% fat respectively during refrigerated storage (2° C). Different 
cultures of LAB fermentation significantly (p<0.05) affected the springiness 
of fresh semi dried fermented sausages in both levels of fat. The springiness of 
SDFS was found in the range of 1.032-1.155 mm in fresh conditions. Hu et al. 
(2007) reported that silver carp sausages produced with mixed starters had the 
highest hardness, gumminess, springiness, resilience, and chewiness as 
compared to the control and those before fermentation. But no significant 
differences were observed among all the samples produced with different 
starters. Increasing fat content caused a change in springiness of SDFS where 
it increased the springiness in some samples and decreased it in others. The 
researches by Andre's et al. (2004) and Nurul-Huda et al. (2010) on chicken 
sausages reported that as fat content increased, a harder, gummier and more 
cohesive product was obtained, with higher chewiness and lower springiness 
values. According to Hsu & Yu (1999), some processing factors influenced 
the springiness of low fat meatballs like salt and water. Refrigerated storage 
significantly (p<0.05) decreased the springiness of all samples. The 
springiness of SDFS after 120 days of storage was in between of 0.971 mm 
and 0.987 mm (Figure 4.75 & 4.77). At 120 h` day of storage no significant 
(p<0.05) differences in springiness were observed between all samples in both 
levels of fat. These results are in agreement with Estevez et al. (2005) and 
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Dong et al. (2007), who reported a decrease of springiness during refrigerated 
storage. The equation of regression lines and correlation coefficient of all 
samples with two levels of fat have been shown on the regression graph (Fig 
4.76 & 4.78). The values of R2 for all samples of SDFS were in between 
0.6405-0.8684 and 0.7179-0.9269 for 20% and 25% fat respectively. 
Table 4.40: Texture analysis for the measurement of springiness of SDFS 
produced by 20% fat during refrigerated storage 20 C 
Sample No. of Days 
code 0 30 60 90 120 
SIR 1.095±0.005ab 1.050±0.002 0.987±0.003 1.019±0.003 0.982±0.002c 
S2F I 1.076±0.007a 1.014±0.005 0.994±0.002 0.982±0.005 0.985±0.008c 
S3F 1 1.094±0.007ab 1.116±0.003 1.034±0.006 1.000±0.003 0.973±0.005c 
S4F 1 1.081±0.003a 1.1 1 1±0.005 1.070±0.004 1.066±0.003 0.985±0.003c 
S5FI 1.094±0.002ab 1.028±0.006 1.019±0.005 0.988±0.008 0.987±0.004c 
S6F 1 1.107±0.002b 1.035±0.007 1.024±0.008 1.021±0.002 0.987±0.004c 
Values are means of five replicates ±SD; Means with different letters diner significantly (p<0.05) 
S I -Laciohucilluti hrevis + Lactobacillus pluuuurunt, S2=L. brevis + Luctococcuc lactis ssp. S3= L. 
plunturuar + L. luctis ssp. S4— L. hrevis + Streptoinyces griseus ssp. S5= L. pluirturum + S. griseus 
5sp. S6 °L. lacks ssp. + S. griseus ssp. F1 20% fat level. 
Figure 4.75: Texture analysis for the measurement of springiness of SDFS 
produced by 20% fat during refrigerated storage 2° C 
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Figure 4.76: Regression analysis of springiness of semi dried fermented 
sausages incorporated with 1-0"', it d~iring refrILer',itcd Iom & at 2° C 
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Table 4.41: Texture analysis for the measurement of springiness of SDFS 
produced by 25% fat during refrigerated storage 2° C 
Sample 	 No. of Days 
code 	0 	30 	60 	90 	120 
SIF2 
S2F2 
S3F2 
S4F2 
S5F2 
S6F2 
1.155±0.003a 1.065±0.001 0.994±0.002 0.994±0.007 0.983±0.009g 
1.1 12±0.005b 	1.083±0.003 	1.037-10.004 	1.0421-0.004 	0.983±0.008g -~ 
1.066±0.002c 1.007±0.003 1.032±0.004 1.000±0.008 0.983±0.004g 
1.129±0.007d 1.026±0.006 0.989±0.002 0.995+0.003 0.979±0.005g 
	
1.096±0.004e 1.01 1±0.005 0.989±0.003 0.989±0.005 	0.971 ±0.004g 
1.032±0.0021' 1.000±0.007 0.979±0.005 0.981+0.004 0.979±0.003g 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I =Lac•tuhucil/u.t brevis + Luc'tubucillus p/enncrrtsil. S2=L. brevis + Ladococcus hic1is ssp. S3= L. 
planturunr - L. /actis ssp. S4= L. brevis f .S[rcp±om•c•s griseus ssp. S5= L. plunturum - S. griseus 
ssp. S6 L. tucti.s .vvp. + S. griseus ssp 
F2= 25% fat level. 
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Figure 4.77: Texture analysis for the measurement of springiness of SDFS 
produced by 25% fat during refrigerated storage 2° C 
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Figure 4.78: Regression analysis of springiness of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2°C 
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4.2.5.4 Adhesiveness 
In most food systems, the adhesion force is a combination of an 
adhesive force and a cohesive force. A food material is perceived as being 
sticky when the adhesive force is high and the cohesive force is low (Hoseney 
& Smewing, 1999). Adhesiveness may be considered a negative character for 
some meat products (Fiszman & Damasio, 2000). In that it can affect their 
sliceability (Bozkurt & Bayram, 2006). In this study, samples inoculated with 
L. plantarum - S. griseus ssp. had significantly (p<0.05) the highest value of 
adhesiveness comparing with other samples (0.164 g.s & 0.614 g.$) for 20% & 
25% fat respectively in fresh conditions (Table 4.42 & 4.43). Herrero et al. 
(2007) reported that sausage dry matter and pH have been found to play a 
significant role in adhesiveness. Increasing fat levels from 200/0 to 25% 
consistently increased the adhesiveness of semi dried fermented sausages. 
This result is in agreement with Crehan et al. (2000) who reported that the 
adhesiveness is related to the presence of liquid fat on the surface of the 
frankfurters and for this reason, the reduction of fat in frankfurters leads to 
decreased adhesiveness values. Refrigerated storage significantly (p<0.05) 
increased the adhesiveness of all samples. The adhesiveness of SDFS after 
120 days of storage was in between of 3.259 g.s and 8.477 g.s (Figure 4.79 & 
4.81). Similarly, Dong et al. (2007) reported that refrigerated storage 
significantly increased the adhesiveness of cooked sausages 
Figures (4.80 and 4.82) represent the linear regression of adhesiveness 
of SDFS incorporated with 20% and 25% fat during storage period. The 
equation of regression line and correlation coefficients are shown on the 
regression graph. The positive sign in the coefficients of x explains that there 
was constant increase of adhesiveness of SDFS during storage period. The 
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values of R were in between 0.7732-0.9667 for samples prepared with 20% 
fat and 0.8979-0.9706 for samples prepared with 25% fat. 
Table 4.42: Texture analysis for the measurement of adhesiveness of SDFS 
prepared with 20% fat during refrigerated storage 2° C 
Sample 	 No. of Days 
code — 0 	30 	60 	90 	120 
S 1 F I 	0.143±0.01 1 a 	0.627±0.021 	1.972±0.028 	2.988±0.031 	4.81 1±0.041c 
S2F 1 	0.001±0.001 b 	1.436±0.051 	1.847±0.020 	3.076±0.041 	7.553±0.063d 
S3FI 0.006±0.004b 0.287±0.026 0.463±0.013 1.677±0.032 4.701±0.038c 
S4F 1 	0.00 1 ±0.001 b 	1.131±0.019 	1.90270.015 	2.286±0.029 	4.198±0.047f 
S5Fl 0.164±0.012a 0.403±0.023 1.405±0.018 2.273±0.019 6.531±0.012g 
S6FI 0.012±0.009b 0.068±0.015 0.925±0.027 2.622±0.013 3.259±0.023h 
Values are means of five replicates ±SD: Means with different letters differ significantly (p<0.05) 
S I -Luciohacil/us hrt'vis + Laciohaeillu.s plunIcrrum. S2— L. hrevrc + Laclococcus luclis ssp. S3= L. 
/)laniarur f L. ludi.s ssp. S4= L. hrei'i.s + Streplomvice.s griseus .lisp. S5= L. plunlzerum + S. griseus 
.asp. S6 —L. locus sSp. + S. griseus ssp 
Fl = 20% fat level. 
Figure 4.79: Texture analysis for the measurement of adhesiveness of SDFS 
prepared with 20% fat during refrigerated storage 2° C 
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Figure 4.80: Regression analysis of adhesiveness of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2" C 
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Table 4.43: Texture analysis for the measurement of adhesiveness of SDFS 
prepared with 25% fat during refrigerated storage 2° C 
Sample No. of days 
code 
0 30 60 90 120 
S 1 F2 0.254±0.014a 0.987±0.021 2.876±0.025 4.214±0.034 6.988±0.049e 
S2F2 0.307±0.019b 1.802±0.015 2.447±0.028 5.307±0.039 8.428±0.068f 
S3F2 0.597±0.021c 1.084±0.020 2.597±0.032 3.711±0.036 5.762±0.034g 
S4F2 0.305±0.016b 1.395±0.018 2.104±0.024 3.737±0.027 5.561±0.025h 
S5F2 0.614±0.023c 1.913±0.025 2.667±0.026 4.447±0.037 8.477±0.053i 
S6F2 0.l 81±0.01 Id 1.017+0.014 2.092±0.031 3.364±0.021 5.771+0.045g 
Values are means of five replicates ±SD: Means with different letters differ significantly (p<0.05) 
S l =Lactobacillus brevis + Lactobacillus plantarum. S2=L. brevis + Lactococcus lactis ssp. S3= L. 
plunturum - F- L. lac tis .s.sp. S4= L. brevis + Sireptorvices griseus .ssp. S5= L. planiarur + S. griseus 
.csp. S6 L. lards .ssp. + S_ griseus ssp 
F2= 25% fat level. 
y=0.0318x-0.0062 
R2 - 0.9471 
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Figure 4.81: Texture analysis for the measurement of adhesiveness of SDFS 
prepared with 25% fat during refrigerated storage 2° C 
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Figure 4.82: Regression analysis of adhesiveness of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.5.5 Gumminess 
Gumminess was referred to as energy required to disintegrate a 
semisolid food so that it is ready for swallowing (Nurul et al., 2010). In TPA, 
gumminess is defined as the product of hardness x cohesiveness and 
chewiness as the product of hardness x cohesiveness x springiness. Therefore, 
gumminess and chewiness results followed, obviously, a similar pattern to the 
hardness ones (Yuste et al., 1999). Tables 4.44 & 4.45 represent the results of 
gumminess of semi dried fermented sausages during refrigerated storage (2°  
C) incorporated with 20% and 25% fat respectively. Different cultures of LAB 
fermentation significantly (p<0.05) affected the gumminess of fresh semi 
dried fermented sausages in both levels of fat. Samples inoculated with L. 
brevis + L. plantarcun significantly (p<0.05) recorded the highest gumminess 
among all samples (1985.2 g & 1506.3 g) for 20% & 25% fat respectively. 
While lowest gumminess values were recorded with the sample inoculated 
with L. br-evis + S. grlseus ssp. (809.6 g & 777.4 g) for 20% & 25% fat 
respectively. Spaziani et al. (2009) reported that during fermentation when the 
pH declines and the mvofibrillar proteins aggregate to form a gel. High 
gumminess was due to better gel quality (Nurul et al., 2010). Increasing levels 
of fat decreased the gumminess of SDFS as it did in hardness. Yuste et al. 
(1999) and Caceres et al. (2006) found that gumminess and chewiness behave 
similarly to hardness. Refrigerated storage significantly (p<0.05) increased the 
gumminess of all samples. At 120 h` day of storage gumminess was in the 
range of 2775.6-4890.8 g and 1379.4-3161.4g for 20% & 25% fat 
respectively. The results of gumminess of SDFS during refrigerated storage 
(2° C) also have been demonstrated in Figure 4.83& 4.85. 
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Figures (4.84 and 4.86) represent the linear regression of gumminess of 
SDFS incorporated with 20% and 25% fat during storage period. The equation 
of regression line and correlation coefficients are shown on the regression 
graph. The values of R2 were in between 0.6265-0.9569 for samples prepared 
with 20% fat and 0.4595-0.9845 for samples prepared with 25% fat. 
Table 4.44: Texture analysis for the measurement of gumminess of SDFS 
prepared with 20% fat during refrigerated storage 2° C 
Sample No. of Days 
code 0 30 60 90 120 
S 1 F 1 1985.2.±7.41a 3699.2±21.13 2504.3±17.23 3545.3±25.14 4890.8±26.23f 
S2FI I151.7±6.65b 1631.6±14..12 2753.4±19.21 2632.5±17.82 2775.6±18.54g 
S31:1 I260.8±6.42c 1358.7±9.73 2030.3±15.25 2025.6±15.91 3596.6±22.34h 
S4F 1 809.6±5.78d 1407.5±8.45 1618.3±11.78 2809.6±20.38 3178.6±21.21i 
S5F 1 1452.3±8.91 e 2501.2±18.71 2075.7± 16.54 2668.3±19.77 3977.4±25.64j 
S6F 1 1255.6±9.15c 1477.5±7.39 2504.3±20.01 3066.4±24.09 3365.5±23.61 k 
Values are means of tive replicates ±S1J: Means with different letters differ significantly (p<0.05) 
S I -Lactobacillus brevis + Lactobacillus plunturum, S2=L. brevis + Luctoeoccus locus ssp. S3= L. 
plun±arum + L. lacti.s ssp. S4= L. brevis + Streptomvices griseus ssp. S5= L. plantarum + S. griseus 
ssp. S6=L. lucti.s ssp. + S. griseu.s ssp. F1 20% fat level. 
Figure 4.83: Texture analysis for the measurement of gumminess of SDFS 
prepared with 20% fat during refrigerated storage 2° C 
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Figure 4.84: Regression analysis of gumminess of semi dried fermented 
sausages incorporated 	th 20" tit during refri luerated storage at 2" C. 
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Table 4.45: Texture analysis for the measurement of gumminess of SDFS 
with 25"/o tat during retri 	ted storage 2" U 
Sample 
	 No. of Days 
code 
U: 
	
30 
	
60 	90 	120 
	
1506.3±-11.45a 	2257.5±14..46 	2806.5±17.49 	2320.7±12.81 	2853.8±1 1.09g 
S2F2 I 876.7±7.26h 1039.5±11.75 1736.0±10.l() 1855.6+11.42 1379.4±7.62h 
S3F2 I 911.5±7.51c 1606.1+9.53 2193.4±12.76 2818.2±19.32 3114.7±19.37i 
S4F2 777.4±6.87d 1291.6+8.16 2665.7±15.57 2784.7±14.62 2340.5±15.69j 
S5F2 I 1367.9±10.92e 	1853.7±8.71 	2805.5±13.46 	2498.5±11.94 	3 161.4±20.30k 
S61:2 I 1007.6±9.2 I f 	1159.3±6.49 	1797.3±9.34 	2717.4±19..33 	2606.5±15.271. 
Values are means of five replicates ±S[): Means with different letters differ significantly (p<0.05) 
S I -LueIohucillus brevis + Laetobacillu.s• pIwh'arum. S2=L. brevis +- Luciococcus lc/is ssp. S3= L. 
phinicirum + L. Icu7i.s ssp. S4= L. brevis + Slreptunn'ces griseus ssp. S5= L. plcmturum + S. griseus 
s.Sf. S6-L. luctis ssp. + S. gri.ceuc s.cj~ 
F2= 25% fat level. 
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Figure 4.85: Texture analysis for the measurement of gumminess of SDFS 
prepared with 25% fat during refrigerated storage 2° C 
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Figure 4.86: Regression analysis of gumminess of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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4.2.5.6 Chewiness 
Springiness and chewiness are primary mechanical parameters that can 
be used to characterize the texture properties of sausage (Hu et al., 2007). 
Chewiness is calculated as the product of all the other textural traits (except 
adhesiveness) and therefore represents an overall assessment of the product 
texture (Wu et al., 2010). Yuste et al. (1999) and Caceres et al. (2006) found 
that gumminess and chewiness behave similarly to hardness. Huang et al. 
(2005) stated a connection among hardness, gumminess and chewiness, but 
springiness, adhesiveness and cohesiveness showed no relation with hardness, 
gumminess or chewiness. Different cultures of LAB fermentation significantly 
(p<0.05) affected the chewiness of fresh semi dried fermented sausages in 
both levels of fat. Samples inoculated with L. brevis + L. plantarum 
significantly (p<0.05) recorded the highest chewiness among all samples 
(2173.8 g.mm & 1739.5 g.mm) for 20% & 25% fat respectively (Table 4.46 
&4.47). Chewiness of semi dried fermented sausages was found apparently 
decreased due to increase the percentage of fat. That is in agreement with 
Olivares et al. (2010) who reported that the low fat samples of fermented 
sausages showed the highest hardness and chewiness. The increase in 
hardness and chewiness have been reported by several authors in low fat dry 
fermented sausages (Garcia et al., 2002; Salazar et al., 2009) while other 
authors only reported an increase in hardness (Mendoza et al., 2001; Liaros et 
al., 2009). Refrigerated storage significantly (p<0.05) increased the chewiness 
of all samples. At 120'" day of storage chewiness of SDFS was in the range of 
2733.6-4502.6 g.mm and 1356.4-3070.5 g.mm for 20% & 25% fat 
respectively. The results of chewiness of SDFS during refrigerated storage 
(2°C) also have been demonstrated in Figure 4.87& 4.89. Figures (4.88 and 
4.90) represent the linear regression of chewiness of SDFS during storage 
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with 2U"/o tat during refrigerated storage L L 
No. of Days 
0 30 	60 	90 
Sample 
code 
120 
period. The equation of regression line and correlation coefficients are shown 
on the regression graph. The values of R2 were in between 0.5391-0.9448 for 
samples prepared with 20% fat and 0.355-0.9773 for samples prepared with 
25% fat. 
Table 4.46: Texture analysis for the measurement of chewiness of SDFS 
	
S I F 1 12173.8±17.49a 	3884.2±21.32 2471.6±19.48 3612.8±23.84 	4802.6±26.48f 
S2F 1 I 1239.6-+11.44b 	1654.4±12.25 2737.4±18.26 2585.5±16.54 	2733.6±19.73g 	~ 
S3F1 I 1379.6+10.09c 1516.4+10.74 2099.4±17.15 2025.6±12.24 3499.6±21.32h 
S4FI 1 875.5±9.01d 1563.5±14.58 1731.3±18.34 2995.4±14.57 3130.7±20.501 
S5FI 4 1588.6±9.95e 2571.5±15.36 2115.4±16.34 2636.4±16.15 3925.8±24.09j 
S6FI I 1389.6±11.52c 1528.5±13.15 2564.4±18.02 3130.6±19.34 3386.4±19.60k 
Values are means of Live replicates ±SD: Means with different letters differ significantly (p<0.05 ) 
S I =Lactobacillus hrevi.s + Luctohuc•illus plunturum. S2=L. brevi.s + Luciococcus luctis ssp. S3= L. 
planiarunr + L. luctis ssp. S4= L. hreWs + Strepionnces griseus ssp. S5= L. plunturum + S. gri.ceicc 
ssp. S6 L. lactis ssp. + S griseus ssp. Fl = 20% fat level. 
Figure 4.87: Texture analysis for the measurement of chewiness of SDFS 
prepared with 20% fat during refrigerated storage 2° C 
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Figure 4.88: Regression analysis of chewiness of semi dried fermented 
sausages incorporated with 20% fat during refrigerated storage at 2° C 
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Table 4.47: Texture analysis for the measurement of chewiness of SDFS 
reared with 25% o fat during refrigerated storage 2° C 
Sample I 	 No. of Days 
cc 	0 	 30 	 60 	 90 	 120 
S 1 F2 	1739.5± 10.09a 	2404.3± 15.29 2789.5±17.51 	2306.6± 12.63 	2805.5±2 I.84e 
S2F2 	974.7±8.26b 	1125.7±12.78 	1800.0±1 1.22 	1933.1±10.98 	1356.4±20.15f 
S3 F2 
	
971.3+7.99b 	1617.4±14.59 2263.3±21.35 	2818.5±16.74 3061.9±22.57g 
S4F2 
	
877.5±8.45c 	1325.3±9.06 	2636.3±20.08 2770.7±21.81 2291.4± 12.29h 
S5F2 
	
1499.2±11 .62a 	1874.3±16.32 	2774.6±21.64 	2471.1±15.07 3070.5±23.67g 
S6 F2 
	
1039.9±9.35d 	1159.5+11.58 	1760.0± 16.31 	2665.8±17.52 	2551.2±17.15h 
Values are means of five replicates ±SD; Means with different letters differ significantly (p<0.05) 
S I =Lactobacillus hre vis + Lactobacillus plcurtartmi. S2=L. brevi.c + Lactococcuc lac tis SSp. S3= L. 
plantarum + L. lactis ssp. S4= L. brevis + Stre/ptr,mt•ces prise us ssp. S5- L. plantarum + S. griseus 
ssp. S6 L. luetis .asp. + S. g'riseus .xsp 
F2= 25% fat level. 
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Figure 4.89: Texture analysis for the measurement of chewiness of SDFS 
prepared with 25% fat during refrigerated storage 2° C 
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Figure 4.90: Regression analysis of chewiness of semi dried fermented 
sausages incorporated with 25% fat during refrigerated storage at 2° C 
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Figure 4.91-4.95: Texture profile analysis of semi dried fermented sausages 
inoculated with Lactobacillus brevis + Lactobacillus plantrn•rmn prepared with 
20% fat during refrigerated storage (2° C). 
Fig 4.91: S1F1 atOday Fig 4.92: S 1 F 1 after 30 days 
Fig 4.93: S l Fl after 60 days 	 Fig 4.94: S 1 Fl after 90 days 
Fig 4.95: S I F I after 120 days 
173 
Fig 4.96: S l F2 at 0 day 
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Figure 4.96-4.100: Texture profile analysis of semi dried fermented sausages 
inoculated with Lactohacrlltus breves + Lactobacillus plantarum prepared with 
25% fat during refrigerated storage (2° C). 
Fig 4.98: S I F2 after 60 days 
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Fig 4.99: S l F2 after 90 days 
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Fig 4.102: S2F I after 30 days 
Figure 4.101-4.105: Texture profile analysis of semi dried fermented 
sausages inoculated with Lactobacillus brevis + Lactococcus lactis ssp. 
prepared with 20% fat during refrigerated storage (2° C). 
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Fig 4.103: S?FI after 60 days 	 Fig 4.104: S?F I after 90 days 
Fig 4.105: S2F I after 120 days 
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Figure 4.106-4.110: Texture profile analysis of semi dried fermented 
sausages inoculated 	lth Lactobacillus brevis + Lactococcus lactis ssp. 
prepared with 25% fat during refrigerated storage (2° C). 
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Fig 4.107: S2F2 after 30 days 
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Fig 4.108: S2F2 after 60 days 	 Fig 4.109: S2F2 after 90 days 
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Fig 4.110: S2F2 after 120 days 
176 
Fig 4.112: S3 F I after 30 days 
Fig 4.114: S3 F I after 90 days 
Figure 4.111-4.115: Texture profile analysis of semi dried fermented 
sausages inoculated with Luctobuci//us plunturum + Lactococcus luetis ssp. 
prepared with 20% fat during refrigerated storage (2° C). 
Fig 4.115: S3F I after 120 days 
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Fig 4.111: S3F1 at O day 
Fig 4.113: S3F 1 after 60 days 
Fig 4.116: S3F2 at 0 day 
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Figure 4.116-4.120: Texture profile analysis of semi dried fermented 
sausages inoculated with Lactobacillus plantnruni + Lactococcus lactis ssp. 
prepared with 25% fat during refrigerated storage (2°C). 
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Fig 4.118: S3F2 after 60 days 
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Fig 4.119: S3F2 after 90 days 
Fig 4.120: S3F2 after 120 days 
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Figure 4.121-4.125: Texture profile analysis of semi dried fermented 
sausages inoculated with Lactobacillus brevis + Streptomyces griseus ssp. 
prepared with 20% fat during refrigerated storage (2" C). 
Fig 4.12 1: S4F I at 0 day 
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Fig 4.123: S4F 1 after 60 days 
Fig 4.122: S4F I after 30 days 
Fig 4.124: S4F I after 90 days 
Fig 4.125: S4F I after 120 days 
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Figure 4.126-4.130: Texture profile analysis of semi dried fermented 
sausages inoculated with Lactobacillus hrevis + Streptomvices gr•iseu.s sspp. 
prepared with 25% fat during refrigerated storage (2° C). 
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Fig 4.130: S4F2 after 120 days 
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Figure 4.131-4.135: Texture profile analysis of semi dried fermented 
sausages inoculated with Lactobacillus phntaru!n + Streptornvices griseus ssp. 
prepared with 20% fat during refrigerated storage (2" C). 
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Fig 4.135: S5F I after 120 days 
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Figure 4.136-4.140: Texture profile analysis of semi dried fermented 
sausages inoculated with Lactobacillus p1ail(lrtir + Streptomyces griseus ssp. 
prepared with 25% fat during refrigerated storage (2° C). 
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Fig 4.136: S5F2 at 0 day 
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Figure 4.1.10-4.145: Texture profile analysis of semi dried fermented 
sausages inoculated with Lactococcus lactis ssp.+ Strreptomyces griseus ssp. 
prepared with 20% fat during refrigerated storage (2° C). 
Fig 4.141: S6F I at 0 day Fig 4.142: S6F 1 after 30 days 
Fig 4.143: S6F 1 after 60 days 	 Fig 4.144: S6)•~ 1 after 90 days 
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Fig 4.1-1_5: S6F 1 after 120 days 
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Fig 4.147: S6F2 after 30 days 
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Fig 4.146: S6F2 at 0 day 
Figure 4.146-4.150: Texture profile analysis of semi dried fermented 
sausages inoculated with Lactoc•occirs luctis ssp.+ Str•eptomyces griseus ssp. 
prepared with 25% fat during refrigerated storage (2° C). 
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Fig 4.150: S6F2 after 120 days 
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CHAPTER-5 
CONCLUSION 
This study was conducted on effects of different cultures of lactic acid 
bacteria (LAB) fermentation on quality and shelf life of semi dry fermented 
sausages of buffalo meat during refrigerated storage (2" C). Progress of 
fermentation (carried out by mixed cultures) was recorded by drop of pH with 
respect to time. All starter cultures showed a good action in decreasing the pH 
of sausages. But, the speed of pH drop during fermentation was higher in 
samples inoculated with Lactobacillus brevis + Streptomyces griseus ssp. 
which makes it more fit to use as a starter culture than the other combinations 
(from the pH point of view). 
Fermentation, smoking and drying reduced the pH and moisture 
content. The reduced moisture content and low pH was the criteria for 
extended the shelf life of semi dry fermented sausages. Quality of semi dry 
fermented sausages was based on physico-chemical, microbiological, sensory 
and textural characteristics as mescared by texture profile analysis (TPA) test. 
Starter culture combinations compared in this study produced a 
significant (p<0.05) differences in average sausage moisture, protein, fat, ash, 
pH, MPR and TBA number for all samples in fresh conditions. Al! samples of 
buffalo meat semi dry fermented sausages were highly acceptable as reported 
by panelist during sensory evaluation. The score values of all attributes 
(colour, flavour, texture, taste, and juiciness) were found in the range of 8-9, 
which represented either like very much or like extremely conditions. Texture 
profile analysis showed a significant (p<0.05) effect of different cultures of 
LAB on all textural properties of semi dried fermented sausages. 
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Increasing levels of fat from 20% to 25% improved flavour, texture, 
taste, and juiciness of semi dried fermented sausages. It did not clearly affect 
microbiological properties of SDFS and the shelf life. Semi dry fermented 
sausages produced by 20% fat were harder. gummier chewier and less 
adhesive than that produced by 25% fat. 
Quality of semi dry fermented sausage samples was evaluated during 
refrigerated storage (2° C) for 120 days. Refrigerated storage significantly 
(p<0.05) decreased pl-I, moisture content. MPR, sensory score values, 
cohesiveness and springiness of semi dried fermented sausages, while the 
remaining properties (fat, protein, TBA number, ash, microbiological 
characteristics, hardness, adhesiveness, gumminess and chewiness) 
significantly (p<0.05) increased during storage. 
According to the microbiological characteristics of semi dry fermented 
sausages during refrigerated storage (2° C), samples inoculated with Lacto-
bacillus brevis + Lactohacilbus plafntaruni had a shelf life of 120 days and 
samples inoculated with L. brevis + Lactococcus lactis ssp. and L. pluntarl[rn 
+ L. lactis ssp. had a shelf life of 105 days, while preparation of semi dry 
fermented sausages samples by using a combined cultures of L. brevis + 
Streptoin vices griseus ssp., L. plUrlC1r1fm + S. griseus ssp. and L. lactis ssp. + 
S. griseus ssp. and study during refrigerated storage established a shelf life of 
90 days only. 
RECOMMENDATIONS 
• Combination of species of yeast like Lactobacillus hrevis+Pedicoecus 
ccrerisue or Luctohuc illus plantarum --Peclrcoccus may be taken as the 
mixed culture to carry out fermentation as the presence of yeast leads to 
development of desirable aroma. 
• Packaging of semi-dry- fermented sausage may be tried under 
N,/CO,f1ush system in order to increase the shelf life of SDFS. 
• Dry fermented sausages maybe developed from buffalo meat and their 
shelf life study maybe carried out under ambient conditions. 
• Low calorie sausage maybe developed by replacing apart of fat by fat 
mimicking system and there is a high demand for low calorie food 
products because of large number of people suffering from coronary 
diseases. This concept maybe adopted for further research work on meat 
products including sausages. 
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